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different observers, but, with the exception of the use of the
Hartmann spectrocomparator, is briefly as follows: The plate is
placed on the engine (usually with violet apparently left),prop-
erly aligned, and so adjusted that the reading on a selected
comparison line shall be some arbitrary one agreeing with the
standard table to be used for reduction. Settings are made
continuously along the plate on good star and comparison lines
as they chance to occur. The plate is then reversed and the
settings repeated, the plate being so adjusted, for convenience,
that the reading on the first comparison line in the second
position shall equal a constant (say 100) minus the reading on
the same line in the first position. The effect of errors due to
personal equation is, according to the investigations of Pro-
fessor Lorp and Professor BELoPOLsKY and the more exhaus-
tive ones of Dr. REEsE,' practically eliminated by taking the
mean of the measures of the plate in the two positions. It
should be noticed, however, that in the reversal of the plate the
spectrum is also inverted, which might so change the appear-
ance of lines as to interfere with the elimination of personal
equation in this way. Curvature of the spectrum lines may
also interfere in like manner with the elimination of this source
of error. The effect of accidental errors in setting on lines is
reduced by employing a number of lines. Care should be taken
to maintain the engine at as nearly a constant temperature as
possible, and especially to keep the illumination of the plate
the same during the entire measure.

METHODS OF REDUCTION.

Professor VUGEL in his early work used only the Hy line for
comparison. and measured the displacement between the Hy
of the star spectrum and that of the vacuum tube. Later, for
stars of the solar type he employed the iron spectrum for
comparison, and measured the displacement between the iron
lines in the star and comparison spectra. This gave only about
eight or ten independent measures of the displacement, so that
in the case of stars rich in lines, as those of the F to M types,
he was using only a very small part of the material on each
plate and not making the best possible selection of lines.
Methods have been devised, however, which enable us to
use other lines in the star spectrum than those corresponding

VL. O. Bulletin No. 15, and Astrophysical Journal, Vol. 15, 208, 1902.
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of the first and last comparison lines used, and b the difference
in the actual settings on the plate for these same comparison

a
lines, then the correction for scale = g s It has the same

sign as v, if a > b and opposite if a < b. The correction
for curvature of the spectral lines may be computed by
DitscHEINER'S formula,’ which has been found by Apawms® to
be accurate for long slits. Some observers determined this
correction empirically from lines in the solar spectrum on the
assumption that the curve is a parabola. The effect of curva-
ture is eliminated in the new Mills spectrograph by using a
curved slit which gives straight spectral lines.

In order to reduce this value of the radial velocity to the Sun,
the corrections for the annual and diurnal motions of the Earth
are computed from the formulae given by Professor CAMPBELL
in FrosT-SCHEINER, pp. 338-345." If ¢, be the correction to
the observed velocity of the star for the Earth's annual motion,
then vy=—1, sin (A— © + i) cos 8

where [’

» = the Earth’s velocity in kilometers per second in

its orbit ; -
A and g = the longitude and latitude of the star observed;
© = the Sun’s longitude at the time of observation;
90° — i == the angle which the tangent to the Earth’s orbit
makes with the radius-vector drawn to the
point of tangency.
The correction v, due to the diurnal rotation of the Earth
is given by vyg=—Vjy sin t cos & cos ¢
where 7, = the velocity in kilometers per second of a point
on the Earth's equator due to the diurnal
rotation, and equals 0.47;
t = the hour angle of the star observed:
8 = the declination of the star observed ;
¢ = the latitude of the observer.

' For this formula and its derivation see FRoST-SCHEINER, D. 15; also, see an
article by Professor Lorp, Astrophysical Journal, Vol. s, 348, 189;.

2 dstrophysical Journal, \'ol. 11, 309, 1900.

.3 See Professor SCHLESINGER's article in Astrophysical Journal, Vol. 10, 1-13, 1899;
also an approximate method for reductions to the Sun by Dr. PaLMEr in L. O.
Bulletin No. 98, 1906; and a recent graphical method proposed by IARTMANN in
Astronomische Nachrichten, Vol. 173, 97, 1906.
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The reduction is simplified by the use of tables giving V
and i for different values of O, and a table giving I, for
difterent hour angles and declinations. The value of the lunar
correction is small and is usually neglected. It may amount
at maximum to about .01 kilometer.

Dispersion Formule—In order to determine the relation
existing between wave-lengths and micrometer readings CaMP-
BELL' measured the positions of twenty-two selected lines on a
plate of the solar spectrum made with the Mills spectrograph.
Taking wave-lengths as abscisse and micrometer readings as
ordinates, he assumed the origin of abscisse at A 4330 (i.e. a
point near the middle of the plate) and the origin of ordinates
at micrometer readings 32.000 corresponding to A4330. If
x is the difference in wave-length in tenth-meters between any
line and A 4330, he assumed that the micrometer reading of a
line whose wave-length was A (43304 r) was given by
R = 32.000 + @ 4+ bx 4+ cx* 4 dx®. From the twenty-two
lines as many equations resulted for the determination of the
constants a, b, ¢, and d, which were solved by the method of
least squares. The agreement between the computed and
observed micrometer readings was found to be satisfactory
not only for the above lines but for intermediate lines as well,
throughout the whole region of spectrum employed by him
(A 4238 to A 4442). In order to obtain the value of 7 in the
expression rl/, he obtained by differentiating the above for-

dx 1
mula dR " b+ 2crx + 3dx?
becomes the number of tenth-meters in one revolution of the
screw (i.e.,r=dr). The wave-lengths used were taken from
RowrLaND’s table of solar wave-lengths, and the assumption
was made that the wave-lengths of the iron comparison lines
used were the same as those of the corresponding iron lines
in the solar spectrum. The main objection to the use of the
above formula is the great amount of labor involved in making
the solution for the constants, in order that the curve should
represent accurately the region of spectrum employed.

Professor HarTMaANN? proposed a dispersion formula which

Taking dR equal to unity d.v

Yoc., p. o142,

2 This is generally known as the Cornu-Hartmann dispersion formula. The form
in which it was originally given by CorNU was with the exponent @ — 1. The
formula was arrived at, however, independently by HarTmManNN, by plotting the

!
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The great advantage claimed for the method, aside from
those which it possesses in common with the velocity standard
method, is that we are able to measure and reduce, in an hour
or so, a plate of a star of a type rich in lines (several hundred
on a plate) and practically utilize all the material on the plate.
With the older methods to make such a measure and reduction
utilizing all of the lines on the plate would require one or two
days.

In Conclusion.—For the measure and reduction of spectro-
grams of stars of the earlier types, the use of the Cornu-
Hartmann dispersion formula will suffice, in as much as the
spectra of such stars consist of lines due to the simple gases,
the wave-lengths of which have been accurately determined in
the laboratory.

The measure and reduction of spectrograms of stars of the
solar and later types will be accomplished with great saving of
time and labor, and, moreover, by a method free from some
of the uncertainties of wave-lengths by the use of the spectro-
comparator. If the observer is not provided with such an
instrument, the standard-velocity method would be used, in
preference to any dispersion formula method, at least until a
system of wave-lengths of the requisite accuracy is available.

For the case of later type stars it will be necessary to make
corrections for the variation of lines with spectral type. It
should be noted, however, that the corrections for some lines
are positive while for others they are negative, so that the
effects due to the variation of lines in stellar spectra of different
types are to some extent compensating in radial velocity deter-
minations.

Mt. HaMmiLtoN, CAL.
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OPPORTUNITIES FOR SOLAR RESEARCH.

By Georce E. HaLE.

It is safe to say that every astronomer would prize an
opportunity to observe any of the fixed stars from a position
where its disk would appear as large as the Sun. It does not
seem probable, however, that such observations of stellar
phenomena can ever be made, except in the case of the Sun
itself. For it should ever be borne in mind, when considering
the importance of solar research, that our most intimate
knowledge of stellar-phenomena must be derived from solar
observations. In the case of the other stars, we may determine
their positions, measure their radial velocities, observe their
brightness, and analyze their light, but we have no means of
studying the details of their structure, which must be under-
stood before we can advance far in the solution of the great
problem of stellar development. Thus we are driven back
to the Sun, and forced to the conclusion that this typical star
well deserves our most serious attention, and the application
of every available means of research.

One cannot but be impressed, when considering the Sun
from this standpoint, with the comparative neglect of the
numerous opportunities awaiting the student of solar physics.
It is possible, by the application of easily available instruments,
for any careful student, wherever situated, to solve solar
problems of great importance. If space permitted. it could
be shown that almost all of the apparatus required in such
work can be constructed at very small expense. Ior our
present purpose, however, let us assume that the observer has
at his disposal one of the ccelostats so commonly employed
in eclipse work. If this ccelostat has a rather thick mirror,
which is frequently resilvered, it may be depended upon to
serve well for solar work, provided that the mirror is shielded
from sunlight during the intervals between the exposure of
photographs, and that these exposures are made as short as
possible. We may assume that the sunlight is reflected from
the ccelostat mirror to a second plane mirror (which should

' Iiemd before the Astronomical and Astrophysical Society of \merica, New York,
December, 1906.
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parisons of this background with the photosphere, photographed
with light from the continuous spectrum immediately adjoining
the calcium, hydrogen, or iron line employed for the flocculi.

These new applications of the spectroheliograph have only
recently occurred to me, and are mentioned because of their
suitability for use with instruments containing prisms of ordi-
nary height, capable of photographing only narrow zones of
the solar image. Numerous other problems might be men-
tioned, such as the comparative study of H,, H,, and H,
photographs, and of calcium, hydrogen, and iron images; the
distribution of the flocculi in latitude and longitude; their
varying area, as bearing on the solar activity and on terrestrial
phenomena ; and their motion in longitude, as measuring solar
rotation. But limitations of time forbid more than a mere
reference to work and methods the details of which are dis-
cussed elsewhere. My purpose has been accomplished if I have
shown that with comparatively simple instrumental means any
careful observer may secure important results. In much of
this work it is desirable that investigators occupied with similar
problems should co-operate with one another. The Interna-
tional Union for Co-operation in Solar Research was organized
with this end in view. It has already inaugurated solar studies
on a common plan in several different fields, and is preparing
to extend the range of its activities in the near future.

NOTE ON THE DISTRIBUTION OF DOUBLE STARS
IN THE ZONE + 56° TO + go’!

By R. G. AITKEN.

The main object of the survey of the sky that has been in
progress at the Lick Observatory for the past seven years
is to accumulate data for a statistical study of the number
and the distribution in space of the double stars whose com-
bined magnitude is brighter than 9.1 of the B.D. scale, and
whose angular separation is less than 5”. This survey is
now well advanced toward completion, so far as the sky area

! Read before the Astronomical and Astrophysical Society of America, New York,
December, 1906.
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known double stars, and 259 more were found to be double
during our survey, giving a total of 553 pairs in this sky area.
This includes seven bright stars with distances exceeding 5",
and excludes duplicates. That is, when we have found that one
component of a Struve or other known pair is itself double
only the closer pair is counted.

It appears, then, that one star in 22}4 in this region is a close
double within the separating power of a good 12-inch telescope,
a ratio somewhat smaller, as I have reason to believe, than
will be found to hold for the sky in general. The tables that
accompany this note exhibit the distribution of these pairs.
Table I gives the number of new discoveries and the number
of previously known double stars in each zone and for each
six hours of Right Ascension. Table IT combines the new
and old pairs for each hour of Right Ascension for the whole
region and for the two zones 4 60° to 4 68° and + 68° to
-+ 00° separately.

TasLe I. + 60° TO + 90°.

QuapraNT 1. oh To 6h,

Double Stars. Stars to Ratios. Ratios.
Zone. New. Old- Total. 9.0 Mag. New D.S.t09.0 Stars. D.Stars t09.0 Stars.
84° to 90° o 4 4 107 I: ... 1: 268
8 to 84 2 5 7 193 1:965 1: 262
76 to 8 7 10 17 330 I: 47.2 1:19.4
72 to 76 14 10 24 418 I:29.9 1:17.4
68 to 72 11 12 23 574 I: 522 1: 230
64 to 68 21 21 42 691 1: 330 1: 165
60 to 64 25 31 56 1041 I: 416 1: 186
QuaDraANT II. 6h TO I2h,
84° to 9o° 3 o 3 110 1: 36.7 1: 36.7
8 to 84 4 3 7 193 1: 482 1:276
76 to 8 2 2 4 281 I: 70.2
72 to 76 6 7 13 337 I: 562 1: 259
68 to 72 5 7 12 405 1: 810 I:338
63 to 68 10 12 22 519 I:519 1:236
60 to 64 12 14 26 639 I: 532 1: 246
QuapranNT III. 12h TO 18h,
84° to 00° I 3 4 130 1: ... I: 322
8 to &4 2 5 7 191 1: 955 1: 273
76 to 8 5 3 8 288 I:57.6 1: 360
72 to 76 5 4 9 372 1: 744 I: 411
68 to 72 10 7 17 461 I: 46.1 I:27.1
634 to 68 12 6 18 545 I: 454 I: 303
6o to 64 12 11 23 610 I: 508 1: 263
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QuADRANT IV. 18h 10 24h.

Double Stars. Stars to Ratios. Ratios. -—
Zone. New. Old. Tonal. 9,0 Mag. New D.S.109.0 Stars. D. Stars t0 9.0 Stars.
84° to 90° 2 2 4 117 1: 585 I:292
8 to 84 3 7 10 219 1:730 1:219
76 to 8 9 6 15 328 1: 36.4 1:219
72 to 76 15 12 27 412 I:27.5 1: 15.3
68 to 72 14 16 30 587 1: 419 1: 196
64 to 68 21 21 42 gbs 1: 460 I: 230
6o to 64 26 53 79 1236 I:475 I: 156
SuMMARY.
Quadrant I 8 o3 173 3354 1:419 1: 19.4
: IT 42 45 87 2484 I: 501 1: 286
I 47 39 8 2507 I:553 1: 302
IV 90 117 207 3864 1: 429 1: 187
Total 250 294 553 12295 1:47.5 1: 2224
TasLe IL
RATIOS OF DOUBLE STARS TO STARS 9.0 OR BRIGHTER, BY HoURs oF R. A.
R. A, Zone + 60° to + 90°. Zone + 68° 1o -+ 90°. Zone + 60° to + 68°.

oh 28 : 624 =1 : 22.3 12: 262=1: 21.6 16 : 362=1 : 226

1 33:644=1: 195 18: 2;8=1: 154 15: 366 =1 : 24.4
2 29 : 611 =1: 211 13:203=1: 225 16 : 318=1: 199
3 27 :547=1: 203 8:275=1: 344 19: 272=1: 14.3
4 31:497=1: 160 13: 277 =1: 213 18: 220=1: 12.2
5 25:431=1: 17.2 I1:237=1:2L§ I4:104=1: 139
6 11:439=1": 399 6:226=1": 377 5:213=1: 426
7 14:432=1: 309 6:239=1: 398 8:103=1: 241
8 16 : 411 =1 : 25.7 5:21l=1: 422 I1:200=T1: 182
9 19: 416 =1: 219 13:221=1: 170 6:195=1: 323
10 10: 394=1: 39.4 S 3:211=1:70.3 7:183=1: 261
1 17 : 392=1: 23.1 6:218=1: 36.3 11 :174=1: 158
12 9:375=1:4L7 7:12:0=1: 314 2:155=1:778
13 I1: 414=1: 376 6:220=1: 37.7 5:18=1: 376
14 10: 375=1: 37.5 6:190=1: 317 4:185=1:46.2
15 21 :462=1: 220 7:260=1: 37.1 14 :202=1 : 144
16 16 : 480 =1 : 300 9:208=1: 208 7:212=1: 303
17 19: 401 =1 : 258 10: 268 =1 : 268 9:223=1: 248
18 25:524=1: 210 13:272=1: 209 12 : 252=1: 210
19 24 :0650=1: 27.1 10:259=1:259 "  14:391=1: 294
20 251557 =1: 223 11: 257 =1: 23.4 14:300=1: 214

21 43 : 606 =1 : 16.2 13: 248=1: 101 30: 448=1: 149
22 44 : 686 =1 : 156 18: 319=1: 177 26: 367 =1: 141
23 46 : 751 =1 : 16.3 21 : 308 =1: 14.7 25: 443=1: 17.7
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Quadrant, SUMMARY.
I 173:3354=1: 19.4 75:1622=1:216 o8:1732=1: 177
I & :2484=1: 286 39:1326=1: 340 48 : 1158 =1 : 24.1
IIT 8 : 2597=1": 30.2 45:1432=1: 318 4I:1165=1: 284
IV 207 : 3864=1: 187 8 :1663=1:193 121:2201=1: 182

Total 553 :12290=1: 2224 245: 6043 =1: 24.7 308 : 6255:? :-26.3

It is at once apparent from these tables that the double-star
distribution follows in a general way the distribution of all
stars to 9.0 magnitude. and if the numbers in Table II are
plotted the resemblance of the curves'is striking.

But an unexpected feature of the distribution is the fact
that the double stars are relatively as well as absolutely more
numerous i the richer sky areas, the numbers in the four
quadrants of Right Ascension being very nearly as 2 to 1 to
1 to 2.4 while the numbers of the stars to 9.0 magnitude are
about as 1.3 to I to 1 to 1.5. When the zones 4 60° to + 68°
and + 68° to 4+ go° are taken separately the same relation
is found in each.

My next effoft was to determine whether a different relation
would be shown by the closer pairs or by the brighter pairs.
The pairs under 2” were separately tabulated, then those
under 17, then the very close pairs, 14” or less, and finally
the pairs as bright as 7.5 magnitude. It is not necessary to
give the details, but the results by quadrants are as follows:—

L 1L m. .

No. Ratio. No. Ratio. No. Ratio. No. Ratio.

Under ¥3”.. ... 15 1:224 9 1:276 11 1:236 24 1:161
- | S 76 1:44 37 1:67 40 1:05 8 1:48

2 ...... 113 1:30 56 I:44 66 1:39 132 1:29

I S, 173 1:19 8 1:29 8 1:30 207 1:19
7.5 Mag.or brighter 49 1:68 23 1:108 18 1:144 63 1:61

It is clear from an inspection of this table that the closer
pairs, which may safely be classed as binary systems, follow
the same general law of distribution as do all the pairs here
considered, and also that magnitude does not materially affect
the question. In fact, T find that the average magnitude of
the closer pairs in the second and third quadrants is slightly
greater, numerically, than that of the corresponding pairs in
the other two. So far as this factor goes, therefore, rather
more difficult pairs were detected in the second and third
quadrants than in the first and fourth. The result is not
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affected by the time of year in which the work was done, as
only nights of good seeing were used, and, besides, the search
in each quadrant extended over from six to nine months.

It may therefore be accepted as a fact that in the sky area
from <+ 60° to the North Pole, double stars of all classes up
to 5" scparation are relatizely more numerous in the region
richest in stars to 9.0 magnitude,—that is, in the region of
the Milky Way.

The zone 4 56° to + H0° contains 4,257 stars as bright
as 9.0 that were actually examined with the telescope. The
fourth quadrant was almost wholly surveyed with the 12-inch,
the first with the 36-inch, and the other two about in equal
parts with the two telescopes. Of these stars 114 were known
double stars and 130 more were found to be double, making
a total of 244 pairs, or a ratio of 1 to 17.4. When the numbers
of double stars and of stars to 9.0 in each hour of Right
Ascension are plotted the two curves again show a very marked
similarity.

Grouped by quadrants, we find the following relations :—

Stars to0 9.0. Double stars. Ratio.
I 1413 o8 1: 144
I .............. 716 35 1: 204
I ... 672 30 1: 224
IV .. 1456 81 1: 180

Thus in this zone, too, we find that the double stars are rela-
tively more numerous in the regions richest in stars to 9.0
magnitude, though the curve is somewhat affected, as one
would expect, by the fact that the fourth quadrant was exam-
ined with a much less powerful instrument than the other
three, especially the first.

When the ratios are taken by zones of Declination, we

ﬁnd =  Zone. Ratio. Zone. Ratio.
-+ 84° to 4 9o° 1: 309 + 68° to + 72° 1: 247
L& to +84 1: 257 + 64 to 468 . 1: 219
+76 to 4+ 8o 1:27.9 +60 to 4 64 1:19.2
+72 to +76 I: 2LI1 + 56 to 4+ 60 1:17.4

The charts used in the survey give evidence of local irregu-
larities in the distribution of the double stars, the ratio in some
areas of 15 to 20 square degrees being as high as 1 to 7 or 8
and in others as low as 1 to 50. The study of these irregu-
larities is deferred to the time when the whole northerm
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hemisphere shall have been examined, when a division of the

sky into small sections of approximately equal area will make

it possible to decide whether there is any marked tendency

toward gregariousness on the part of the double stars and also

whether. as a whole, they are distributed symmetrically rela-

tively to soime plane,—as, for instance, that of the Milky Way.
Lick OsBservaTory, December 4, 1906.

ASTRONOMICAL OBSERVATIONS IN 1906.

Mape BY TorvaLD KO6HL, AT ObnDER, DENMARK.

VARIABLE STARS.

Z Cygnit
Jan. 20: Z=c. ! BEYE
Apr. 8: invisible. . Aug. 31: { > b.
14: <e. ‘ Sept. 8: =b.
22: id. 19: id.
May 24: id. ! 24: id.
July 26: =b. | Nov. 10: 1step >e.
<a 13: Istep <e.
Aug. 19: { > b |  Dec. 4: 3steps<e.
24: =VDb. 9: id.
27: id. ' 23: . invisible.
S Urse Majoris.?
Jan. 1: S=g. I May 23: =e.
19: . | July 26: invisible.
Feb. 28: 1step <e. | Aug. 19: =g.
Mar. 14: =d. . .{>g
19: id. 24: 1 < 1.
29: 2steps > d. Aug. 27: id.
Apr. 2@ id 3t id.
. {4 steps > d. Sept. 5: 1step > .
* | 9steps < c. : ]: {<e.
&: 6steps > d. >
10: id. : 10: id.
12: id. 120 id.
14: 4steps < c. 19: id.
22: id. ! 21: 1step<e.
May 11: =d. . 23: id.

! Vide the sketch in the Publications 4. S. P., No. 100, p. 16.
?Vide the sketch in the Publications 4. S. P., No. 73, p. $6.
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Sept. 24: id. Dec. 4: 1step>d.
27: =e. 9: 3steps > d.
Oct. 11: =d. 23: =e.
Nov. 10: 4 steps > d. .
13: id. o
T Urse Majoris.!
Jan. 1: T=d I Aug. 31: id.
19: 1step >e. | Sept. 5: =hb.
Feb. 28: invisible. : 8: id.
Mar. 14: id. | 10: id.
19: id. i 12: id.
29: id. i . { <b.
Apr. 5: id. : 9 1>ec
10: id. ' 21: Istep >c.
12: id. l 23: id.
14: id. ! 24: id.
22: id. ! 27: =c.
May 5: id. " Oct. 11: 1step < d.
. { <a. . Nov.10: =Hf.
July 26: > b. 13: <g
Aug.19: =h. Dec. 4: invisible.
24: id. 9: id.
Ci<a 23: id.
27: 1 > b. ,
W Pegasi.?
Jan. 1: Wistep >e. Oct. 11: 1step<g.
2: id. Nov. 10: =g.
19: 1step >c. 13: =1
July 26: invisible. ! Dec. 4: 1step >e.
Aug. 19: < n*, 9: 1step < d.
24: id. : 1o: =d.
Sept. 19: < h. : 23: 2steps > cC.
*n is a star between W and b.
M. SS Cygni Py
Jan. 2, 6": SS < g . Aug. 24.10": —e
20, 6:: I step < g. 27, 10" =¢
Apr. 7,14h: < d. i>c
14, 9": < f. 3. 10" (<b
22, oh: <. Sept. 5. 10": =c.
July 26, 11b: —e. " Sept. 8, 10:: =d.
I<e I1,10": Istep > e
28’":’h'{>f. ’ 12, ob: id.
Aug. 19, 10" = g* ' 19, o": < g.

* g is the faint companion-star next ¢ towards Fast.

' Vide the sketch in the Publications 4. S. P., No. 22, p. 63.
3 Vide the sketch in the Publications 4. S. P., No. 60, p. 23.
3Vide the sketch in the Publications A. S. P., No. 100, p. 18.
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Sept. 21, gb: id. - Dec. 4, 6": 1step<c.
24, 9b: =h, ; 6, 6h: —=d.
QOct. 11, o": =g l g, 11h: —e.
Nov. 10, 6b: id. : 11, 6h: id.
13, 6h: id. , 23, Gh: =

Y Tauri (B.D. 4 20°.1083).

As comparison-stars I have used A = B. D. 20°.1095 (7™.4)
and b= B. D. 4+ 20°.1073 (8™.2). A third star, B=B.D. 4
20°.1093 (7™.3), I always find smaller than A.

Jan. 2: >b. Apr. 5: id.
19: id. 12: 3 steps > A.
Mar. 2: > A. Sept.27: > A.
14: id. . Nov.13: = A.
19: = A. Dec. 4: a httle > b.
20: > A. ! . { < A.
29: 1step > A. | 9 I>h.
Apr. 2: id. *23: id.

This irregular variable star seems to have had its greatest
brightness about the spring and summer of 1906, while in the
year 1905 its brightness had not reached that of the star A.

TV Cygni.
This star oscillates in brightness a little about g™.5. I have
compared it with the stars b and c in the sketch by A. STaNLEY
WiLLiams (4. N. 3629) and always found TV < b.

Apr. 7,14*: TV=c. Nov. 10, 6b: { Ny

. { >c <b.
July 26, 11®: *1<h. 13, 6h: id.
Aug. 27, 10": id. - Dec. 4, Oh: =c.
Sept. 25, 121: id. - { >c
Oct. 11, gh: id, I s DS
FIREBALLS.

In the past year thirty-one fireballs have been seen from
stations in Denmark. The details of the five most interesting
of these meteors are here given, as follows:—

No. 1. April 11, gh 28™ P.M.  An exploding meteor lightens up
the whole region and disappcars 3okm above the mouth
of Horsens Fjord. The path of the meteor went steeply
downwards.—22 reports.

No.2. June 24, 11t 25"'. Gigantic fireball over northern Jutland,
where a detonation like rumbling of thunder was heard.
The meteor probably exploded above the island Laeso, in
Kattegat, and the phenomenon was seen at several places



No.

-1 Aug.
2 Aug.
3 Aug.
4 Aug.

5 Aug.

6 Aug

42

Publications of the

in Denmark, Norway, and Sweden. Some newspapers
reported that fragments of this meteor had fallen down
in the duckyard of the Goéteborg, “Gibraltar,” but unfortu-
nately it was only a “newspaper duck”!—23 reports.

No. 3. July 26, 11" 28™.  An exploding fireball with a great flash-

ing light was seen from Odder in the east. leaving a
5°-long train; duration 30%.—7 reports.

No. 4. November 23, 2" 45™. A large fireball was seen from sev-

No. s.

eral places in Jutland, in spite of the dazzling sunshine, as
a sparkling exploding meteor, leaving an extensive train
for a moment; 30km west from Horsens the meteor passed
the zenith and over this region a loud detonation like
thunder-roaring was heard. Some thought of a powder
explosion; people ran out of the houses, thinking an earth-
quake had taken place; horses ran frightened about in
the fields. The fireball exploded 6okm above the ground,
and, according to its direction, this meteor may be noted
as a “salutati®n from the Bielids,” which were expected
at that time.—I2 reports.

December 18, 6" 10™. A flashing and exploding fireball

was seen from Jutland in the southeast, not far from
Saturn, as observed at Odder. Its train was straight for a
minute, but in the next minute it was turning and winding.
—10 reports.

SHOOTING-STARS.

In the period August gth-12th corresponding observations
were arranged for from seven stations in Denmark. The
weather was not favorable, and our efforts succeeded only on
August 12th. At these stations 122 paths of shooting-stars
were mapped, but only six proved suitable for calculation.
These six metcors have given the following results:—

For Observation.

Time. Station. Beginning. Ending. Mag. Observer.

{ Odder ............. 16°. ° 2 T. KénL

12, 10h 4™ OSPM. \ Nyporg L.ollllll0 gto 41-12 2  Cu. Fros
P Odder ° 22°.8 3 1 T. K6HL.

12,10 21 45 LM.{ Nyborg 328 i“ 356 ¢3g_3 ; Cu. Faon
{ Odder ............. 2 o 2 T. Koém.

12.10 27 33 PM- | Nyborg ............. 225 .sig7 2  Cr. Faos
f Odder 40 4408 40 +33 1 T Kom.

12,10 36 30 P.M. \ Nyborg 56 .5+ 47 9 +arz 2 Cw Faos
Askov 50 8437 .2 54 24317 @ L. Dounm

12,10 56 30 P.M. § Odder 47 +4+40.5 50 435 @ T Kém
Nyborg 61 .8+ 46 71 +42.6 A4 Cr. Fros

Odder ............. 1 2 1 T. Kom.

1211 4 40 PAL { Nyborg ....oovviiin. s 16? 3 1 Cn Fuos
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For Calculation.

Real Length
Beginning. Ending. of the Path. Radiant.
0. r A N - A— N ——
h A ¢ h A . ¢ B AR Decl.
I e e e 51.9 1°26/6 54°56°.4 .... .............
w .
2 95.1 ©0° 1’4 35°50".1 1024 O 32.0 55 26.4 556 153° 4 22°1
e e
3 e e e 1190 2 26.4 55 27.1  ....  ..iiiiiiii.n.
w
4 1525 1 366 57 202 926 1 54 57 5.1 824 40.24666
e e.
[AO 1660 2 6.0 57 439 822 o0 390 357 8.7 1390 40.34+49 .9
e
5 AN 1645 2 4.3 57 43.6 823 0 41.5 57 10.2 1330 39.5+30.3
e e
ON 1630 2 20 57 425 822 o0 39.7 57 9.1 1328 39 .8430.3
e e
5 L. s 831 I 3.2 55 30.3 ..ii ciiiiniiiin.n
w

h and B are expressed in kilometers; \ is longitude from Copenhagen; ¢ is
north latitude; h is the altitude of the meteor above the Earth's surface.

ERRATA.

In the Publications A. S. P., No. 89, p. 66, for T U read R T
in the sketch as also in the text.

PLANETARY PHENOMENA FOR MARCH AND
APRIL, 1907.

By MarcoLm McNEILL.

PHASES OF THE MOON, PACIFIC TIME.

Last Quarter.. Mar. 7, 12b42m o M. | Last Quarter.. Apr. 5, 7h2om .M.

New Moon... “ 13,10 § p.u.] New Moon... * 12, 11 6 A.M.
First Quarter. * 21, 5 10 P.M. | FirstQuarter. “ 20, 12 38 Pp.M.

Full Moon... * 29, 11 44 A.M.: Full Moon.... ™ 27,10 5 PM.

The Sun passes the vernal equinox and spring begins about
10 A.M., Pacific time, March 21st.

Mercury is an evening star at the beginning of March,
setting about an hour and one half after sunset, and will be
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an easy object for a few days about that date on clear evenings.
It comes to greatest east elongation on March 1st, 18° 10"
This is a much smaller greatest elongation than the average,
as it comes less than three days after perihelion. The planet
approaches the Sun quite rapidly after the first few days of
the month, passing inferior conjunction on the night of March
17-18th and becoming a morning star. It then moves rapidly
away from the Sun, reaching greatest west elongation on
April 14th. Its apparent distance from the Sun will then be
27° 36’, which is fifty per cent greater than its distance at the
time of greatest east elongation in March; but the conditions
for visibility are not nearly as good, as Mercury is now
13° south of the Sun, and rises less than an hour before
sunrise, so that it will be impossible to see it with the naked
eye.

Venus is still a morning star, rising 2P 20™ before sunrise
on March 1st, 1" 38™ on April 1st, and 1® 20™ on April 3oth.
The planet passed greatest west elongation on February 8th,
and is now nearing the Sun, but the main cause of the dimi-
nution of the interval between the rising of the planet and
of the Sun is the southward motion of the planet relative to
the Sun. Venus passes about 1° 39’ north of the vernal
equinox on the afternoon of April 26th. At 7 a.m. April 21st,
Pacific time, it is in very close conjunction with Safurn,
passing 0° 38" north of the latter.

Mars rises at 1 36m a.M. on March 1st, at 12" 50™ a.M.
on April 1st, and at 11" 52 p.M. on April 3oth. During the
two-months period it moves 31° eastward and 2° southward,
from Scorpio through the southern extremity of Ophiuchus
into Sagittarius, and during the latter part of April is in the
neighborhood of the “milk-dipper”” group in the latter con-
stellation, a little farther north. Its distance from the Earth
diminishes from 121 millions of miles on March 1st to 70
millions on April 3oth, and its brightness at the latter date is
consequently about three times as great as it was at the
former, rather more than a magnitude, as the brightness of
stars is usually reckoned. From now on it will be a conspic-
uous object until some months after opposition.

Jupiter is in fine position for evening observation. On
March 1st it sets a little before 3 A.M. and on April 3oth at
a little before 11:30 p.M. It is in the constellation Gemini,












48 Publications of the Astronomical Society, &c.

with lava, while the bed of the sea is being undermined by
the expulsion of material to raise the mountains.

(6) During the great earthquake in Alaska, September 3-20,
18909, which has been most carefully investigated by Professor
R. S. Tarr and LLAwRrReNCE MARTIN,! the uplift of the land
at the maximum amounted to 47)5 feet, while elevations of
seven to twenty feet were common, though slight depressions
also occurred in a few places. I’rofessor H. D. CurrTis, of the
D. O. Mills expedition of the Lick Observatory, reports from
Santiago® that the harbor at Valparaiso was found to be ten
fect shallower after the carthquake of August 16th. These
observations give the key to the problem of earthquakes and
mountain formation. The indications of nature are plain
enough, if we will only follow her teachings and examine
the evidence on its merits. The first duty of the investigator
is to study for himself ; important truth is not discovered with-
out impartial judgment, labor, and thought.

The reader is referred to the paper in the Proceedings of
the American Philosophical Society for further details of the
complicated processes arising in earthquakes, mountain forma-
tion, and kindred phenomena.

Navar OBservaTory, MARe Isaxp, CaL.,

February 1, 1907.

Y RBulletin of the Geological Society of America, May, 1906, -
FCL Argenaut of November 2. 1906,
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there is a shift of any of the lines which is progressive from
spectral type to type. Several lines were found which undergo
such a progressive change, as is indicated by the radial veloci-
ties obtained from them. An examination of RowLAND’s tables
shows that in most but not all cases studied lines apparently
single are in reality blends of two or more close components.
The nature of the variations found is such as to indicate vary-
ing intensities of the same components rather than the presence
or absence of different components in the different types. It
was the intention, when sufficient data had been obtained, to
make comparisons with the enhanced and weakened lines in
the spark and arc spectra. When a list of sun-spot lines! in
the region covered by the Southern Mills plates became avail-
able, a comparison with these was made instead. The investi-
gation was limited to stars of types F to Mb inclusive on the
Harvard classification. In this classification the Sun is of
type G.

The principal result of the comparison is the very strong
indication that the physical conditions in the stars as we pass
from the F to the Mb type vary in the same direction as from
the Sun to the sun-spots. It is not intended to convey the
impression, however, that any one type has been found in which
the conditions are exactly the same as in the sun-spots, though
an early K type is probably nearest to it. In the Mb type the
relative intensities of the lines as shown, both by their appear-
ance and their residuals, have gone far beyond what they are
in the Sun, whereas in the F type they much precede the con-
dition in the solar spectrum. Apawms has shown a striking
similarity to exist in the intensities of sun-spot lines and of the
corresponding lines in the spectrum of Arcturus (type K),
while HALE and Apams? have made a similar comparison of
intensities for o Orionis (type Ma) in the region A 5393 to
A §703.

A large number of lines might be mentioned which change
greatly in intensity and appearance as we proceed from the I
to the Mb type, this change being frequently very prominent
even from the G to the K type. and which are not included in
Apawms's list of lines affected in sun-spots. Among the most

1 “Sun-spot Lines in the Spectrum of .drcturus,” by WALTER S. Avams, .dstro-
physical Journal, Vol. 24, p. 69, 1906.
2 Astrophysical Journal, Vol. 23, p. 400, 1906.
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striking of these are the Cr lines, A 4254.5 and A 4274.9, which
become very strong, wide, and diffuse as we follow the scale
of stellar types. A few cases of contradictory evidence have
also been found, in which the residuals show a decided shift
in the opposite direction from that which would be expected
from the intensities assigned to the components in sun-spots.
Among these the line A 4435.2 may be especially mentioned.
For this blend both my value of the wave-length, as deter-
mined from the spectrograms, and the progressive trend of
the residuals indicate a shift of its center toward the violet
instead of toward the red. Some of the ohserved differences
between sun-spots and stellar K type, in which the physical
conditions may be similar, may be due to the fact that in the
stars this condition is the average condition in their entire
atmospheres, while in the case of the sun-spots some effects
may be altered by overlying layers of gases and vapors or by
other local circumstances. Nevertheless the similarities are
sufficiently striking to promise much for this line of study.
The results here given depend not only upon the appearances
of the lines, but primarily upon quantitative measurements of
their positions.

It was thought possible that for variable stars of large light
changes traces of velocity variations of some of the lines
might be found, corresponding to small changes in spectral
type as the stars varied from maxima to minima and vice versa.
In the case of o Ceti actual changes in the character of the
spectrum are well-established facts, though up to the present
no appreciable changes in the wave-lengths of any of its spec-
trum lines have been observed—leaving out of account the
large displacements of the bright hydrogen lines. A com-
parison of the available measures of 5 Aquile, a variable star
of the fourth class with a range of only 0.8 of a magnitude in
light variation, showed evidences of variations in the positions
of some of its lines from light maximum to minimum similar
to the variations that were found from type to type. A further
study of this variable star is desirable to establish definitely
the exact character and amount of these variations.

The following few examples are typical of the progressive
variations that were found for the different types. The intensi-
ties in the Sun are Rowraxp’s, and those in sun-spots and in
Arcturus are taken from ApaMs's article (1. ¢.).
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X 4352.908 Fe—Intensity in Sun, 4 | In sun-spots, 6-7; in Arcturus, 7-8;
53.044 V —Intensity in Sun, o widened toward red.

Residuals (in km.) :(—
F F8GandF8GPec. G GSK K K2M and K5SM Mb
—30 —37 <408 —o07 H416 421 +36 34
+15 410 —o06 431 +34 +30 +49
—10 +17 +422 +408 426 430 +46
+ 1.5 — LI +28 H414 414 + 10 + 4.7
—35 *o00 +26 +48 +439 +39
+17 431 422 +22 +653
+15 +08 444
+22 —o0.2 + 3.3
+o08 +43 +30
+20 419
+o09 +32
+ 36
Means: - [ —
..... —1.0 +08 + 2.2 +30 447

X 4468.663 Ti—Intensity in Sun, 5; in sun-spots, 4-5; in Arcturus, not
affected.
Residuals :—
F F8G G G5K K K5M Mb
—13 —22 —03 —+14 +28 427 +57 +68
—41 —03 —15 409 426 437 <08 <470

+17 —29 —o09 —o07 +439 +43 +63 +35
—30 —o9 —09 + 11 -+15 + 25 + 6.1
—37 414 +27 410 —o03 447 448

— 21 +06 +19 + 4.7 +19
+22 406 47 17
+-04 +04 +52 +59
—o0.4 —1.3
+ 12 —30
+13 +33
+o07 —o.1
Means: —_—
—21 —1.0 —0.9 “+ 0.2 +1.3 + 4.3 + 4.7
N 4314.964 Ti—Intensity in Sun, 1
15.138 Ti—Intensity in Sun, 3 -Not included in list of sun-spot lines.
15.262 Fe—Intensity in Sun, 4 :

Residuals :— F G K KSM Mb
Means: + 1.1 — 1.4 —2.0 —27 —3.0

A 4435.129 Ca—Intensity in Sun, 5; in sun-spots, 6
.32 Fe—Intensity in Sun, 2; in sun-spots, In drcturus, 8.

Residuals :— not affected. )

F F8GandG G5KandK  K5M Mb
Means: —40 —1.7 +0.3 +235* +18*%
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The establishing of these variations in the wave-lengths of
some of the lines with spectral type will make necessary the
exercise of great care in the selection of lines in radial velocity
determinations, and a proper allowance for the type.

Mrt. HaM1LToN, December 14, 1906. SEBASTIAN ALBRECHT.

HoNors CONFERRED UPON PROFESSORS AITKEN AND HUSSEY.

The Paris Academy of Sciences has conferred the Lalande
Prize for 1906 upon Professor R. G. AITKEN, of the Lick
Observatory, and Professor W. ]J. Hussey, formerly of the
Lick Observatory, and now Director of the Detroit Observa-
tory at Ann Arbor. The prize usually consists of a gold medal
and a small sum of money. It has on several occasions been
divided between two astronomers, as in the present case.

The following paragraphs are translated from the report
of the award published in Comptes Rendus for December 17,
1906 :—

** No branch of sidereal astronomy presents to-daya higher in-
terest than that relating to the study of double or multiple stars.

“ Among contemporary astronomers who have undertaken
this study with success, Messrs. R. G. ArTKeN and WiLLIAM
J. Hussey,! astronomers in the Lick Observatory, are in the
first rank, because they have each discovered more than 1,200
new doubles ;* and in almost three fourths of these pairs the dis-
tance of the components is less than two seconds of arc. .

* These astronomers have, moreover, measured with care
all these pairs in such a manner as to fix the present relative
positions of the components.

* In addition, they have made observations upon the fainter
satellites of Jupiter, Saturn, etc.

* These are results of the highest importance, and the Com-
mission proposes to divide the I.alande Prize between Messrs.
R. G. A1TkeN and W. J. Hussey.

“The conclusions of this report are adopted by the Acad-

1y.”
emy W. W. CAMPBELL.
Mrt. HAMILTON, January 22, 1907.

1 Professor Hussey has recently left the Lick Observatory, in order to become
Director of the Detroit Observatory of the University of Michigan.—Comptes
Rendus.

2 The number 1,200 refers necessarily to those published. Professor \ITKEN, up
to 1907, has discovered more than 1.500 double stars, and Professor Hussey had

discovered more than 1,300 up to the time of his departure in June, 1905.—
W.W.C.
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Tue Orsrr oF Ho 212 =13 Cer1?

In number 104 of these Publications a note on this interest-
ing binary system will be found giving my measures in 1903,
which indicated a revolution period of about 7)% years.
Measures made in 1906 confirm this conclusion, the companion-
star being now within a few degrees of the posltion it occupied
in 1899.

Using Dr. SEe's measure in 1899 and my own made in the
following years (the only ones known to me), I have derived
the set of elements here given. They satisfy the observations
on which they were based within the probable error of meas-
ure, and also satisfy the two early measures by HouGH in
1886 and 1887.

It is now certain that 13 Ceti has a shorter period than any
other known visual binary except § Equulei. A well-defined
proper motion adds to the interest of the system.

ELEMENTS.
P = 7.42 years. o = §51°.7§
T = 1905.28 Q=50 .40
' e =0.74 i = =+ 48°.05
a=0".214 Angles increasing.
January 24, 1907. R. G. AITKEN.

Note ox CoMET /11906 (METCALF).

This comet was discovered near opposition by Rev. J. H.
Mercarr, of Taunton, Mass., from a photograph taken
November 14, 1906. The discovery position is a = 4" 4™ 355,
§=—2° 158

No preliminary elements were computed here for either
this comet or Comet Thiele, which was discovered at about
the same time, as the observatory force was crippled by the
illness of Mr. Finarso~, Assistant in Astronomy, so that no
time was available for computing.

[.ater, however, two sets of elements based upon longer arcs
were derived, and the results have been published in Lick
Obscrvatory Bulletin No. 108. The first set is based upon
Fartu's ohservations of November 17th, 25th, and December
sth. It was found that no parabola could be passed through

1 A more detailed account is given in Lick Obscriatory Bulletin, No. 1to.
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these positions. They are represented, however, by an elliptic
orbit in which the comet has a period of 6.9 years.

An observation by Dr. AITKEN, made December 18th, is not
very closely represented by these elements. It was therefore
decided to correct them by means of this observation. The
resulting second set is also elliptic, giving a period of 8.2 years.
The plane of the orbit is inclined nearly 15° to the plane of
the ecliptic. The comet made its nearest approach to the Sun,
150 millions miles, October s5th. It is a new member of
Jupiter's family of comets.

At the time of discovery it was very faint and was receding
from both the Earth and the Sun. At present it can be seen
in only the largest telescopes, its brilliancy being less than
one fourth of what it was at discovery.

RusseLL TRacy CRAWFORD.

BERKELEY ASTRONOMICAL DEPARTMENT,
January 18, 1907.
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binary systems,—namely, ¢ Cancri, o Lconis, and 3 3062
= H1 39.

There are other recent orbits of all three of these systems that
represent the observed motion up to the present time with a
high degree of accuracy, and it is perhaps questionable whether
so much labor as is represented by these new discussions was
wisely bestowed. Nevertheless it is always interesting and
instructive to compare the results obtained by different com-
putors, using different methods of solution, especially when,
as in the case of the three stars named, the orbits are based
substantially on the same material. The periods of the three
systems, according to DOBERCK, are 116, 105, and 60 years
respectively, and the motion is not specially rapid at the pres-
ent time in any one of them. The new elements of w Leonis
and X 3062 do not differ materially from the other recent
orbits, and only serve as additional evidence that our knowl-
edge of the motions in these systems is now fairly accurate.

In the case of ¢ Cancri, Dr. DoBeErcK’s results differ more
from SEELIGER's than might be expected, in view of the fact
that the latter represent recent observations within the prob-
able error of measure.

The two sets of elements are as follows :—

P. T. [4 a © Q ¢
SEELIGER: 59v.I1  1868.11 0381 07.858 250°.26 8°.19 11°.14
DoBerck: 60 .08 187065 0.339 o0 .86 183.65 ..... ! 0 .00

Angles decreasing.

If one might venture any criticism upon such painstaking
work as Dr. DoBERcK’s, it would be on the ground that he
does not make much use of the measures of distance, basing
his results almost exclusively upon the angle measures. The
question might also be raised whether elaborate least-squares
solutions are justified by the quality of the material available,
but this question will be answered in due time by the way in
which the results thus derived represent the future motions
in these systems. A.

On Star Streaming.—At a meeting of the British Associa-
tion for the Advancement of Science held at Cape Town, South
Africa, August 17, 1905, Professor J. C. KAPTEYN read a
paper with the above title. It cointained an announcement of

' The planes of the truc and of the apparent orbit coincide in this solution.
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exact amount of decrease could not be determined with the
telescope employed, for the star was invisible for a period of
about two hours in the neighborhood of the minimum. The
time occupied in the light changes is about ten hours. The
rate of change of light at the steepest part of the curve is over
a magnitude in half an hour.

This star at minimum is fainter than any other Algol vari-
able listed in the Harvard Provisional Catalogue of Variable
Stars. Its range of brightness is also greater than that of any
other variable of this type, the average range being 1.4 mag-
nitudes. S.D. T.

National Academy of Sciences.—The autumn meeting of the
National Academy of Sciences was held November 20th, 21st,
and 22d in the buildings of the Harvard Medical School, Bos-
ton. Among the large number of papers presented five were
upon astronomical subjects, as follows: “The Work of the
Bruce Telescope,” by S. I. BaiLey, of Harvard University :
“Present State of Knowledge as to Motions of the Terrestrial
Pole,” by S. C. CHANDLER, Editor of the Astronomical Journal;
“Extent and Structure of the Stellar System,” by G. C. Com-
stock, of the University of Wisconsin; “Sun-Spot Spectra,
and Their Bearing on Stellar Evolution,” by G. E. HaLg, of
the Solar Observatory of the Carnegie Institution; “Planetary
Inversion and the Tenth Satellite of Saturn,” by W. H.
PickeriNG, of Harvard University.

At the conversasione held in connection with the meeting.
photographs, slides, and drawings were presented by the
Harvard College Observatory and by the Solar Observatory
of the Carnegie Institution.

The following notes have been taken from recent numbers
of Science:—

Professor CHARLES LANE Poor, of Columbia University,
gave a public lecture under the auspices of the New York
Academy of Sciences and the American Museum of Natural
History, on November 19th, on “The Proposed New Astron-
omical Observatory and Nautical Museum for New York
Gity.”

Dr. Wicriam H. Broaks. Director of Smith Obscrvatory
and Professor of Astronomy at Hobert College, Geneva, N. Y,
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has received a medal from the Astronomical Society of Mexico
for his discoveries of twenty-five comets.

Professor RajNa, of Bologna, is making an appeal for funds
to rebuild the observatory there on a new site, and to provide
it with instruments suited to modern requirements.

Professor ERNEsT W. BrowN, who goes at the end of the
present academic year from Haverford College to Yale Uni-
versity, has been awarded the gold medal for 19o7 by the
Royal Astronomical Society for his work on the movements
of the Moon.

Mr. SypNEy S. HougH, chief assistant in the Royal Ob-
servatory, Cape of Good Hope, has been appointed His Majes-
ty's Astronomer at that observatory on the retirement of Sir
Davip GiLL.

Dr. Sipxey DeEAN TowNLEY, astronomer in charge of the
International Latitude Observatory at Ukiah, California, and
lecturer in astronomy in the University of California, has been
appointed to an assistant professorship in the department of
applied mathematics at Leland Stanford Junior University.
Dr. Tow~LEY will assume the duties of his new position with
the beginning of the next academic year in August.
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MiNvtes oF THE MEETING OF THE BoArD OF DIRECTORS 11ELD
AT THE STUDENTS OUSI5R\'1\T()R\'. BERKELE\'. ON
JANUARY 20, 1907, AT 7:30 P. M.

President LEUSCHNER presided. A quorum was present.  The min-

utes of the last mecting were approved.
The following new members were duly elected :—

List oF MEMBERS JSLECTED JANUARY 20, 1907.

Mr. CuarLes 1. CROSSLAND............. 8 Forsythe St., Chelsca, Mass.
Mr. Curtis H. THOMAS. ... ........... Traer, lowa.

It was upon motion,
Resolied, That the Committee on Publication be authorized to reprint number 2
of the Publications in an cdition of 250 copies.

Adjourncd.

MiNUTES OF THE MEETING OF THE ASTRONOMICAL SOCIETY
oF TNeE PACIFIC HELD AT THE STUDENTS' OISERVATORY
AT BERKELEY ON JANUARY 20, 1907, AT 8 P. M.

President LEuscHNER called the meeting to order, and introduced
the lecturer of the cvening. Professor W. W. CaseseLL, Director of
the Lick Observatory. who read his paper on “The Solar Corona.”
illustrating his remarks by a number of lantern-slides.

A committec to nominate a list of cleven Directors and Committee
on Publication, of three members, to he voted for at the Annual
Meeting to be held on March 30. 1907, was appointed as follows:
Messrs. J. K. Morritt (Chairman), S. D. Towxswky, C. D. PERRINE.
J. D. GarLoway. O. voN GELDERN.

A committee to audit the accounts of the Treasurer and to report
at the Annual Mecting in March, was appointed as follows: Messrs.
Cuas. S. Cusning (Chairman), Daxier, Suter, B. A, Bairo.

Adjourned.
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PRELIMINARY STATISTICS ON THE ECCENTRICI-
TIES OIF COMET ORRBITS!

By A. O. LEUSCHNER,

\'arious investigations of the eccentricities of the orbits of
comets have led to the conclusion that the majority of such
orbits are parabolic. In fact, about three fourths of all comet
orbits have been found consistent with an eccentricity equal
to unity. This is the main reason why it is generally accepted
that a comet orbit is parabolic, unless it can be shown to be
otherwise.

An accurate knowledge of the eccentricities of comet orbits
is of importance in determining the origin of comets. It is,
therefore, advisable to study the eccentricities from as many
points of view as possible. Two methods of classifying the
eccentricities have occurred to me which do not seem to have
entered into the analysis hitherto. Both are related to the
accuracy of the observational material from which the orbits
are derived. One is to classify the eccentricities on the basis
of the general accuracy of the observations, the other on the
basis of the observed heliocentric arc.

Marked progress has been made during the last century in
the methods of observation and in the construction of tele-
scopes, so that observations have become more and more reli-
able, and the number of days during which comets of the same
brightness may be followed has constantly increased.

Ever since the first computation of a comet orbit was made,
it has been customary to derive a parabola as a first approxi-
mation to the orbit, and to attempt a more general solution only
1f the devnanons of the observed positions from the places com-

! Abstract of address of the retiring President of the Society, presented at \he
annual meeting, March 30, 190).
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puted from the most probable parabola were in excess of the
probable errors of observation. This custom has become so
thoroughly fixed in astronomy that even now it would be
considered absolutely unwarranted to suspect a comet of mov-
ing in an ellipse if by a little stretching of the probable limits
of observational error a parabola could be found to represent
the observed positions.

A prejudice has always existed, and exists now, in favor
of the parabola. This prejudice is not entirely due to statistical
investigations of the orbits of past comets. A further excuse
for the same may be found in the fact that the first geometrical
and analytical methods for solving a comet orbit were para-
bolic. The solution of an elliptic orbit was originally possible
only in cases like HALLEY’S comet, where more than one
appearance had been observed, so that one of the unknowns,
the period, became known.

Gauss's general solution had its first application on the as-
teroid Ceres, at the dawn of the nineteenth century, and it was
not until some time later that general methods were also applied
to comets.

It is a well-recognized fact that when the observed arc is
short and the probable error of observation on a comet is large,
the solution of the orbit will be uncertain, or, in other words,
in such cases a large number of different orbits will be found
to satisfy the observations. The “Short Method” which has
been used extensively in the Berkeley Astronomical Depart-
ment during the last three years is well suited for estimating
the limiting values of the elements. The range of possible
periods and eccentricities is far greater than has perhaps been
supposed hitherto. A cursory examination of many definitive
orbits based on normal places formed from long series of
observations shows that in many cases a long-period ellipse” will
often answer as well as a parabola. The ellipse is then gen-
erally dismissed with the statement that there is no reason to
suspect a deviation from the parabola. It would be just as
consistent to conclude that there is no reason to suspect that
the comet moves exactly in a parabola. In accordance with
existing belief regarding the eccentricities of comet orbits, Dr.
KRreuTz in his biennial reports to the Astronomische Gesell-
schaft adopts the parabola whenever it is found sufficient.

Before proceeding to an examination of the published lists
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of elements it is therefore well to emphasize that possibly in
no case where an ellipse or hyperbola alone is given can the
observations be represented by a parabola, but when a para-
bola is given the observations may frequently be consistent with
an ellipse and sometimes with a hyperbola.

If, in spite of this fact, it can be demonstrated that by far
the majority of well-determined orbits is elliptic, then the
time has come when astronomers should abandon their preju-
dice for the parabola, by investigating and stating the com-
plete range of possible solutions in each case.

OLeBER’s, GALLE’s, and WINLoOCK’s lists were not available
when a preliminary examination of the eccentricities was un-
dertaken. The excellent list, however, contained in E. WEIss’s
edition of “Littrow, Wunder des Himmels,” is well suited for
the purpose of the preliminary investigation, especially because
it gives the duration of visibility in days. This list runs to
1885. The results of the preliminary examination were, how-
ever, roughly revised just before publication on the basis of
GaALLE's and WINLocK's lists and KrReuTz’s biennial reports to
the Astronomische Gesellschaft to 19o4, which latter are con-
tained in the Vierteljahrsschrift. Comets discovered between
1885 and 1895 were added to WEIss’s list only when the dura-
tion of visibility was included in the data at hand. Periodic
comets are, of course, counted only for their first apparition.

For the purpose of classifying the orbits on the basis of
the general accuracy of the observational material, or more
nearly of the observed positions, the percentage of parabolic
orbits was ascertained for each of three groups, in the order
of time as given in Table L.

Dates. TasLe L [ §
e V- T 99 per cent
17561845 . .ooviiiiiinnn., 74 per cent
1846-1895 ...... ..., 54 per cent

It is safe to assume that there has been a progressive and
pronounced advance in the accuracy of observation in these
three periods of time. Hyperbolic orbits were not included
in the totals on which the percentages of Tables I and II are
based. From the more accurate observations of the fifty years
from 1846 to 1895 we may therefore conclude that it is no
more probable that a comet is parabolic than that it is not.
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In Table IT the eccentricities have been grouped on the basis
of the duration of visibility in days. The percentage of para-
bolas is given for each group. The comets discovered before
1756 have been excluded in the totals from which these percent-
ages were derived, as their orbits can throw little light on the
question under consideration.

TasLe II.

Duration of Visibility. e~ 1
I-g9days ................ 68 per cent
100239 days ................ 55 per cent
240-511 days ................ 13 per cent

These figures are certainly striking. They show that the
longer a comet is under observation the more probable it be-
comes that its orbit cannot be satisfied by a parabola.

This result is in entire accordance with the opinion held by
some astronomers that few, if any, orbits are strictly para-
bolic. In the last group only eight comets were available,
which are all given as elliptic by WEiss, and for one of these
KRrEUTZ’s later reports give a parabola, which has been adopted,
the same as every orbit has been considered parabolic in these
tables for which the observations could be satisfied by a para-
bola. It is therefore extremely doubtful whether a parabola is
definitely established for any comet having remained visible
240 days or more. It would have been better if Table II could
have been based on the length of the observed heliocentric arcs,
but these are not immediately available, and in a first approxi-
mation for a large number of comets the average of the
number of days of visibility may be taken to correspond to
the average heliocentric arc.

Percentages have also been derived for various ranges of
eccentricity. These, however, will not be published until the
final investigation has been concluded.

The average eccentricity of periodic orbits is very high.
In applying the short method it has been found that when-
ever a short arc yielded a considerable range of periodic solu-
tions, a longer arc would yield solutions for the eccentricity
nearer the upper than the lower previous limits. The explana-
tion of the high eccentricities lies in the nature of things.
Long-period comets cannot come within the range of visibility
from the Earth unless their orbits are highly eccentric. The
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others must remain invisible, until the power of our telescopes
is still further increased.

From the average brightness of comets at unit geocentric
distance the maximum perihelion distance at which a comet
may be seen in opposition from the Earth with the more power-
ful instruments may be derived. The values of the eccentricity
corresponding to this maximum for a given value of the
semi-major axis or period will then be the minimum eccen-
tricity which the orbit of a comet of average brightness and of
given period must have in order to be visible from the Earth,
under the most favorable circumstances.

This question will be studied in connection with a proposed
further study of comet orbits. The theory that, in general,
comets are permanent members of our solar system seems
to have been greatly strengthened by the foregoing preliminary
statistics. It will be remembered that until KEeLER began
photographing nebule with the Crossley reflector the spiral was
considered the exceptional form of a nebula. The percentage
of double stars is increasing so rapidly that their discovery
either directly, or spectroscopically, or photometrically, or
otherwise, is no longer a cause for surprise. It seems emi-
nently probable that with further investigation of cometary
orbits the parabola will be found to be the exception.

ReRKELEY ASTRONOMICAL DEPARTMENT, March 30, 1907.

THE SOLAR CORONA:

By W. W. CamPBELL.

Of all the wonders of this and other worlds that it has been
my good fortune to see, a total solar eclipse is by far the most
impressive, and the Sun’s corona is its central and most beau-
tiful feature. The corona appears to have attracted the
attention of intelligent observers who dwelt within the shadow-
paths, in all ages of our civilization. PLUTARCH has left an
excellent description of its appearance, and occasional later

! Lecture delivered before the Astronomical Society of the Pacific on January 2%,
1907. The lantern slide illustrations are necessarily omitted.
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writers have referred to it. Speculation as to what the corona
really is was naturally very meager prior to the middle of the
last century, for the custom of dispatching expeditions to study
eclipse phenomena had not been inaugurated, and it therefore
seldom fell to the lot of any one man to observe two eclipses,
either with or without scientific instruments and methods.

In KePLER's day, and until less than a century ago, the corona
was believed by most men of science to be due to the illumina-
tion of the Moon's atmosphere. When it was finally estab-
lished that the Moon has extremely little or no atmosphere,
the corona was generally explained as a phenomenon of the
Earth’s atmosphere; and it was not until the year 1870 that
the tide of scientific opinion turned toward the Sun itself as
the origin and center of the corona. Even as late as 1883,
one of the ablest of astronomical physicists published an ad-
mirable discussion of the corona as a purely subjective, non-
material phenomenon, due to the diffraction of the Sun's
photospheric rays at the Moon’s edge. The objective existence
and solar character of the corona are to-day thoroughly estab-
lished, and the erroneous views of our predecessors come as
a surprise no doubt to many persons of the younger generation.
It is far otherwise with those who are familiar with eclipse
history. Take away the spectroscopic method of study, which
came nominally in 1859, but virtually, for eclipse purposes,
later in the sixties, and take away the photographic plate which
was made to bear upon the problem, faintly in the early seven-
ties and strongly in the eighties,—take these away, and I
think we should still be struggling with the question, Where
is the corona situated? Let two of us make a pencil drawing
of the same corona,—one of us in Spain and the other in
Egypt. The two drawings will be more remarkable for their
differences than for their agreements; and what is more nat-
ural than to attribute these differences to varying conditions
in the terrestrial atmosphere above the two observers, or to the
changed influence of the irregularities on the Moon’s edge as
viewed from the two points of observation. Let the eclipse
observer of to-day try to find out something new about the
corona, even with the spectroscope, polariscope, thermoscope,
and photographic plate, and his respect for the pioneers will
be established upon a firm basis.

The corona remains a strictly eclipse phenomenon. The
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commendable efforts of several leading astronomers to observe
the corona in full sunlight have unfortunately failed, on
account of its relative faintness and its low effective tem-
perature, and all the methods now available seem hopelessly
unpromising. Given suitable appliances, such as the 4o-foot
eclipse camera designed by Professor SCHAEBERLE, the corona
may be seen faintly and imperfectly during one to three min-
utes before totality is complete, and during an equal interval
after totality ends; but we have not been able to make any
scientific use of these pre- and post-totality views. Every item
in our knowledge of the corona has been obtained during the
total phase. Assuming that observable total eclipses occur,
on the average, once in two years, and that their average dura-
tion is three minutes, no astronomer, in fifty years of activity
in following the Sun and Moon, can hope to utilize more than
seventy-five minutes in eclipse observation. Making the
reasonable deduction of one third for clouds and other deter-
ring factors, his maximum expectation during a long life must
not exceed fifty minutes. The total duration of observable
eclipses for any one observer since the spectroscope and
photographic plate have been available scarcely equals a half-
hour. Herein lies the chief difficulty of coronal investigation.
However, the progress made since the spectroscope showed a
bright coronal line, in 1869, and photographic plates at two
stations showed identical coronal structures, in 1871, has been
so great as to be unique in science. '

Another difficulty in coronal study is for the most part only
vaguely appreciated. The coronal streamers are on the whole
radial, with reference to the Sun, and appear to overlie every
part of the Sun’s spherical surface. Now, every coronal
structure lying within the cylinder occulted by the Moon is
entirely hidden from view, and all structure lying outside of
this cylinder is seen in projection upon one plane. The pro-
jected image of the corona recorded on the photographic plate
is complex to an apparently hopeless degree. Every small
area in the apparent inner corona is a composite of all the
structures lying betwen the observer and the area in question.
The tops of streamers pointing nearly toward and nearly away
from the observer, the intermediate parts of numerous other
streamers, and the bases of streamers nearly at right-angles
to the observer’s line of sight are all projected upon 2a common
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coronal structure and the photospheric disturbance indicated
by the spot had a common origin.

All the evidence is to the effect that the corona is closely
related to the fest of the Sun. We do not know the nature
of this relation; but we can safely say that a thorough under-
standing of the Sun requires an understanding of the corona.

The light radiated by the corona appears to be of three
kinds :—

1st. A thin and very irregular stratum, perhaps never ex-
ceeding 200,000 miles, and more probably never exceeding
100,000 miles, in depth, lying at the base of the corona and
apparently resting upon the chromosphere, gives a bright-line
spectrum. The natural interpretation of this spectrum is that
the stratum giving rise to it consists of a gas or vapor heated
to incandescence; but it has been suggested here and there
that the bright lines may indicate an electric glow in the inner
corona, such as one gets from a Pliicker tube agitated by an
electric current. For my part, there seems to be no real
necessity for going beyond simple incandescence produced by
the Sun’s heat. The element yielding the ten or twelve bright
lines' has not been identified with any terrestrial substance.
-There may indeed be more than one vapor or gas present.

It is difficult to conceive how irregular masses of vapor can
maintain themselves at great heights above the solar surface,
in opposition to the Sun’s gravitational attraction. Perhaps
the vapor is constantly given off by the solid or liquid particles
which seem to form the major part of the inner corona, for
these “particles must be at a high temperature, under the
influence of the Sun’s heat.

2d. Nearly all of the light from the inner corona—perhaps
ninety-five per cent of it—appears to give a strictly continuous
spectrum, which indicates a solid or liquid source raised to
incandescence. The most reasonable conclusion is that the
inner corona consists largely of minute particles maintained
at a very high temperature by the adjacent body of the Sun.

3d. The light of the middle and outer corona yields a
spectrum which seems to be substantially identical with the
solar spectrum—a spectrum containing the usual Fraunhofer
dark lines. On this point there is not unanimity of observers.

! Dyson gives a list of twenty-four corona lines.—Phil. Trans., Vol. 206, p. 451, 1906,
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Sumatra and of 1905 to Spain have recorded dark lines,
whereas others appear to have observed continuous spectrum,
pure and simple. The discordance is difficult to explain. If
the dark lines exist, we have every reason to believe that the
corresponding parts of the corona consist of minute particles
of matter, not shining appreciably by their own light, but
principally by virtue of original sunlight which radiates to the
particles and is reflected and diffracted to us.

The latter view is supported overwhelmingly by a long series
of polarization observations. Granted that the corona is com-
posed of minute particles which diffuse the sunlight falling
upon them, the coronal light should be polarized, radially, very
much as sunlight diffused by our own atmosphere is polarized
strongly. in planes passing through the Sun. It is true that
polarization may be produced otherwise than by reflection or
diffusion,—for example, by a magnetic field, as in the Zeeman
effect ; but polarization seems to exist in all parts of the corona.

The opinions of astronomers as to the materials composing
.the corona, and as to why the Sun has any corona at all,
have been very divergent. Some have belieyed that the corona
is composed of meteors, many of them revolving around the
Sun, and others falling into the Sun. However, this theory is
largely in disfavor, and we need not consider it, though no
doubt there are a great many meteors both revolving around
and falling into the Sun.

ScHAEBERLE’S mechanical theory proposes that “the theo-
retical corona is caused by light emitted and reflected from
streams of matter ejected from the Sun by forces which in
general act along lines normal to the surface of the Sun, these
forces being most active near the center of each sun-spot zone.”
To account for the longer streamers in the corona, considering
their materials to be ejected by forces analogous to volcanic
forces and to be drawn back by the Sun’s gravitational power,
would require that their speeds on leaving the Sun should
be between 200 and 400 miles per second. According to this
theory, also, there would be multitudes of both ascending and
descending particles.

According to BiGELow’s magnetic theory, the corona is a
sort of solar aurora whose streamers occupy positions corre-
sponding to the lines of force in the Sun’s magnetic field, just
as the Earth’s magnetic field seems to control the streamers

of terrestrial auroras.
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When LeBEDpEw, and NicHoLs and HuLL, some five or six.
years ago, proved experimentally that light and heat radiations
exert a pressure upon all bodies in their paths, it occurred to
ARRHENI1US, and possibly to others, that here is the basis for
a satisfactory theory of the corona. If strong radiations press
upon exceedingly minute particles, the particles will move away
from the source of radiation; the larger and denser particles,
speaking popularly, will travel slowly, and the lighter and
smaller particles rapidly. There can be little doubt that matter
exists at the Sun’s surface in a state capable of being acted
upon effectively by this radiation pressure. According to
this theory, the smaller and lighter particles (more exactly,
those having the smallest product of mass and density) would
be driven off into distant space, with little chance of returning
to the Sun; and the reuniting of two or more particles would
in many cases give gravity the advantage, so as to bring them
back to the Sun. It is true that this theory, in common with
all the others, leaves much to be explained. For example, it is
difficult to say why sun-spot inactivity should produce extraor-
dinarily long streamers in the high sun-spot latitudes, and
sun-spot activity streamers of equal lengths all over the Sun.

I think there is an excellent chance that all these theories
have much truth in them. There can be no question that
eruptive forces, or convection and evection currents of great
speed, exist at the Sun’s surface,—responsible for many of
the prominences, certainly,—and perhaps they give an outward
impulse to the coronal material. The forms of many coronal
streamers certainly resemble closely the lines of force in a
magnetic field, and we cannot doubt that radiation pressure
must be active and effective. But it is scarcely conceivable
that the eruptive forces on the Sun can give speeds of 300
or 400 miles per second to the ejected coronal materials, and
the radiation-pressure theory renders the supposition of such
great speeds unnecessary.

At the eclipse of 1900, ABBOT made one of the most impor-
tant of recent eclipse observations, in that he measured the
heat radiation of the inner corona. He found that the corona
is effectively cooler than the instrument with which he ob-
served. The observation was a delicate one and liable to
considerable error. Although confirmation is very urgenty
desired, ABBOT’S observation is probably approximately cor-
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out from the Sun or toward the Sun, or both, or neither?
We have no accurate observational knowledge on this subject.
The unusually favorable eclipse of August 30, 1905, offered
a hope that large-scale photographs of the corona secured in
Labrador, Spain, and Egypt, or in two of these countries,
would enable us to detect changes in the coronal structure
occurring between the instants of totality in those countries.
Dr. PerrINE and I have made careful comparisons of the coro-
nal images recorded by the Crocker Lclipse Expeditions in
Spain and Egypt. A number of fairly well-defined nuclei of
the corona existed both east and west of the Sun. As a result
of these comparisons we are able to say that there is no certain
evidence of motion having occurred in the interval of 70 min-
utes which elapsed between the instants of totality in Spain
and Egypt. Details of structure within the nuclei have suffered
change, but the mass as a whole cannot have moved so much
as one mile per second during the interval. Greater speeds
might well have occurred in the principal coronal streamers
without our having detected them; for their structure is uni-
form and regular, and well-defined nuclei are absent. Thus,
in the cases where high speeds should perhaps be most nat-
urally expected, photographic plates have little power to record
them.

Measures of motions of approach and recession within the
corona by means of the spectrograph are unpromising, for
several reasons. The coronal light is intrinsically weak, and
exposures are from necessity short. The brighter parts of the
corona radiate light forming a continuous spectrum, neglecting-.
the almost insignificant component which gives rise to bright
lines. Even if spectrograms of the middle and outer coro-
nal regions could be secured with the Fraunhofer lines
recorded in good strength, their interpretation would be diffi-
cult and somewhat unpromising. The slit of the spectrograph
would receive light from streamers which radiate in a variety
of directions from the Sun. There would be streamers point-
ing both toward and away from the observer and streamers
occupying positions of all values intermediate between these
limits. If the coronal particles were moving outward exclu-
sively, the general effect would be to cause a shift correspond-
ing to recession, but the lines would be broadened. Particles
moving toward the Sun would in effect displace in the direction
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of approach, at the same time broadening the lines. It will be
easy for the reader to determine the effect of a motion of either
kind in a streamer making a given angle with the observer’s
line of sight, and space will not be taken here to summarize
further the general effect. It is evident that a dark-line spec-
trum, if one of sufficient density and dispersion could be
obtained, would be of great complexity. However, a knowl-
edge of the motions within the corona would doubtless be
our most effective power in determining the origin of the
corona, and the subject should not be abandoned as hopeless.

PLANETARY PHENOMENA FOR MAY AND JUNE,
1907.

By MaLcoLm MCNEILL.

PHASES OF THE MOON, PACIFIC TIME.
Last Quarter..May 4, 1hszmp.M. | Last Quarter..June 2, ghzomp.M.

1

|
New Moon.... “ 12,12 50 A.M. } New Moon.... “ 10, 3 50 P.M.
First Quarter.. “ 20, 5 27 A.M. | First Quarter.. “ 18, 6 55 P.M.
Full Moon.... . “ 27, 6 18 am. ! FullMoon.... “ 25 I 27 PM.

The summer solstice, the time when the Sun stops moving
north and begins to move south, occurs June 22d, 6 a.m,,
Pacific time. .

Mercury is a morning star on May 1st, rising less than an
hour before sunrise, and is therefore too near the Sun for
naked-eye observation. It moves rapidly toward the Sun, and
passes superior conjunction, becoming an evening star, on the
night of May 23d-24th. It then moves rapidly away from the
Sun and a little northward. Shortly after June 1st it remains '
above the horizon an hour after sunset, and this period in-
creases to about an hour and three quarters soon after the
middle of the month. It then begins to shorten, but does not
go below an hour and one half until after the close of the
month. Greatest east elongation (25° 29’) is reached on June
27th. This is not quite the maximum possible, but is not
much below it. The month of June this year therefore
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days, somewhat over two years, but is subject to considerable
variation, about fifty days, the longest period coming when
opposition occurs near time of perihelion. IFrom the last
opposition to the present one the interval is 788 days. and
the next period will be considerably longer. The cause is the
eccentricity of AMars's orbit, and the consequent variability in
the velocity of the planet.

Jupiter sets shortly before 11* 3o™ p.M. on May 1st. and
shortly after 8 p.M. on June 3oth. It moves eastward about
13° in the constellation Gemini and at the close of the period
is nearly due south of Castor and Pollux, the principal stars
of the constellation. It is in conjunction with Mercury on
June 15th, the latter passing 1° 41’ to the north.

Saturn is a morning object, rising somewhat less than two
hours before sunrise on May 1st, at 1h 26m A.M. on June 1st,
and at 11" 35™ p.M. on June 3oth. It moves about 3° cast-
ward and 2° northward in the constellation Pisces, and at the
end of June is only about 2° distant from the point marking
the vernal equinox. The rings are practically out of sight
during May and June, as the Earth and Sun are on opposite
sides of the plane. Large telescopes may show the edge illu-
minated, and possibly light may pass through small gaps in
the rings. A better opportunity for seeing the same phenom-
enon will come during the autumn, when Earth and Sun will
have changed places relative to the rings.

Uranus rises shortly before midnight on May 1st. and
shortly before 8" p.M. on June 3oth. It is still in the constel-
lation Sagittarius and moves westward about 2° during the
two months. It is in conjunction with Mars on May 1st. which
passes between it and the “milk-dipper” group at a distance
of 0° 46’ from Uranus.

Neptune is in Gemini not far from Jupiter. The time of
nearest approach is May 21st. Jupiter then passes 1° north
of Neptune.

(FIFTY-SIXTH) AWARD OF THE DONOHOEL
COMET-MEDAL.

The Comet-Medal of the Astronomical Society of the Pacifi:
has been awarded to Dr. A. KoprFr, astronomer, Heidelberg.
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Germany, for his discovery of an unexpected comet on August
22, 1906. . \
Committee of the Comet-Medal: -
W. W. CAMPBELL,
CHAS. BURCKHALTER,
SaN Francisco, March 20, 1907. C. D. PERrINE.

(FIFTY-SEVENTH) AWARD OF THE DONOHOE
COMET-MEDAL.

The Comet-Medal of the Astronomical Society of the Pacific
has been awarded to Professor H. THIELE, astronomer, Copen-
hagen, Denmark, for his discovery of an unexpected comet
on November 20, 1906.

Committee on the Comet-Medal:
W. W. CAMPBELL,
CHAs. BURCKHALTER,
San Francisco, March 20, 1907. C. D. PErRRINE.

(FIFTY-EIGHTH) AWARD OF THE DONOHOE
COMET-MEDAL.

The Comet-Medal of the Astronomical Society of the Pacific
has been awarded to J. H. METcALF, astronomer, Taunton,
Massachusetts, for his discovery of an unexpected comet on
November 14, 1906.

Committee of the Comet-Medal:
W. W. CAMPBELL,
CHAs. BURCKHALTER,
San Francisco, March 20, 19o7. C. D. PERRINE.

LIBRARY NOTICE.

Members who had in their possession at the time of the San
IFrancisco fire any books or pamphlets belonging to the Library
of the Astronomical Society of the Pacific are requested to
send them to the Librarian of* the Society, R. T. CRAWFORD,
Students’ Observatory, Berkeley, Cal.
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photographic plate by Professor WoLr, found after the comet
had been discovered by Koprr. More than 8oo days have
elapsed since this observation of January, 1905, so that, ex-
cepting the periodic comets, this comet holds the record for
length of time during which it has been under observation.
It is further highly probable that it will be picked up when
the Earth overtakes it again next year.
RusseLL Tracy CRAWFORD.
BERKELEY ASTRONOMICAL DEPARTMENT, March 30, 1907.

True PromoTiON oF DR. AITKEN.

It gives me great pleasure to announce that Dr. R. G.
AITKEN has been promoted to the position of Astronomer in
the Lick Observatory. It is unnecessary to say that this action
on the part of the President and Regents of the University is
thoroughly deserved. It would be difficult to speak too highly
of Dr. AITKEN's scientific researches. His work on double
stars is certainly unsurpassed in quantity, quality, system, and

breadth of view. W. W. CaMPBELL.

PromoTiON OF PROFESSOR LEUSCHNER.

The promotion of Dr. A. O. LEUSCHNER, Director of the
Students’ Observatory, from Associate Professor to Professor
of Astronomy is another well-earned event which it gives us
pleasure to record. Professor ILEuscHNER has built up one
of the strongest and best of astronomical schools; and although
his teaching, and administrative duties both inside and out-
side of his department, have been heavy, he has found time
to make valuable investigations and to encourage and direct
similar investigations by the assistants in his department.
The publication of Professor LEUSCHNER's work on the Wat-
son asteroids is awaited with interest.

W. W. CAMPEELL.
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1906. Pairs. Nights. Nights. Nights.
January ............. 175 13 8 8
February ............ 114 10 5 6
March .............. 138 11 7 5
April ...l 203 14 I1 5
May ......oooit 180 13 9 5
June (...l 220 18 12 3
July ..o 247 16 15 5
August ............. 224 14 14 14
September .......... 263 17 16 3
October ............ 238 17 14 4
November ........... 212 15 11 6
December ........... 144 12 7 6

Totals ............ 2,358 170 129

Means ............ 196.5 14 11 6

Definitive reductions of all the observations for the varia-
tion of latitude (233) obtained between April 4th and May 4th,
both inclusive, were made in order to determine if possible
whether or not there was an appreciable shift in the Earth’s
crust at Ukiah at the time of the earthquake of April 18th. No
sudden change in the latitude was found. The results of the
computations were printed in these Publications (vol. XVIII,

P. 241). SipNEy D. TowNLEY, Astronomer-in-Charge.

LICK OBSERVATORY, MT. HAMILTON, CALIFORNIA.

The scientific work of the Lick Observatory during the
calendar year 1906 was pursued by each member of the staff
with his accustomed industry and enthusiasm. It related for
the most part to advancing the solution of the greater problems
upon which we have been engaged in past years, and only
here and there were minor or new problems taken up.

Professor TUCKER, with the aid of Mr. R. F. SaxForp,
Carnegie Assistant, has completed the extensive reductions of
his meridian-circle observations of 2,800 zodiacal stars, and the
manuscript results are nearly ready for publication. The pur-
pose of these observations is to provide more accurate ref-
erence-points in the zodiac as a basis for securing improved
orbits of the planets. .

Mr. Tucker continued throughout the year the observation
of a carefully constructed programme of stars, for the purpose
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until June by Mr. J. C. DuncaN, Lawrence Fellow at this
observatory for 1905-1906. Since July the work has been
continued by Mr. E. C. SLIPHER, fellow for the present year.

In addition to making photographs of star-fields and the
series of photographs of Comet ¢ 1905, Mr. DUNCAN made
micrometric measures for position of Comets ¢ 1905, a@ and b
1906.

In view of the approaching favorable opposition of Mars,
further experiments in planetary photography have been car-
ried on by Mr. LLamMPLAND. It is hoped that the greater bright-
ness and larger disk of the planet, together with such improve-
ment as may be expected from past experience and more suit-
able and efficient apparatus, will bring still better results than
were obtained in 1go5. For the present, at least, the greatest
value of the results obtained by photography is the evidence
the negative brings to corroborate data obtained visually. The
great mass of observational data and the results deduced there-
from, accumulated since SCHIAPARELLI’'S epoch-making obser-
vations were begun, have been obscured and distorted more or
less by unfounded skepticism, based on the idea that many of
the observed phenomena are subjective effects or spurious
products of observation. The questions raised have been
thoroughly investigated from the standpoint of theory and ex-
periment and found untenable. With the further confirmation
of the visual results by photography, it seems that there should

be no room for doubt in the matter.
PeRrcivAL LowELL.

NAVAIL. OBSERVATORY, MARE ISLAND, CALIFORNIA.

As indicated in the last annual report, this observatory
was established mainly for keeping up the public time service
for the Pacific Coast, and for the rating of chronometers used
in the naval service. During the past year the work has been
‘maintained as usual.

At the time of the great earthquake the time-signals were
sent out the following day, but the Western Union Telegraph
Company’s lines wete so deranged and congested with busi-
ness that the signals could not always be delivered. Yet even
during this trying period they managed to deliver the signals
about every second day, which was sufficient for commercial
purposes. The earthquake stopped two of the four clocks of
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that for the direct photography of nebule, and for other inves-
tigations requiring even more perfect definition, there will be
some nights in the year in which the full advantages of the
large aperture will be realized. The glass disk has been ordered
from the plate-glass works at St. Gobain, France, and work has
been undertaken on the fireproof structure in which the grind-
ing and polishing of the mirror will be done by Professor
RiTCHEY.

The work of research has included:

1. Daily photography of the Sun with the photoheliograph;
Daily photography of the Sun with the spectroheliograph;
Photography of the spectra of sun-spots;

Photography of the flocculi, for the determination of the
radial velocity of the calcium vapor;

5. Spectrographic investigations of the solar rotation;
6. Bolographic investigations of the solar absorption;

7. Special studies of stellar spectra with a spectrograph of
high dispersion;

TOTIES

8. Laboratory investigations;

9. Preliminary studies of the correlation of solar and mag-
netic phenomena.

The 5-foot spectroheliograph was erected in the Snow tele-
scope-house in QOctober, 1905. It has given admirable results
from the outset, the daily records including photographs of the
Sun with the calcium, hydrogen, and iron lines. These photo-
graphs have been studied in various ways, the principal routine
investigation in which they are employed being a determination
of the solar rotation. The daily motions of the calcium flocculi
required for this purpose are measured by Miss WARE, with
the “heliomicrometer,” an instrument which permits the latitude
and longitude of points on a photograph of the Sun to be
measured directly, without computation. This instrument was
constructed in the observatory shop and has been thoroughly
tested during the year. Measures can be made with it as
rapidly as with ordinary measuring-machines, and apparently
with no less precision.

A comparative study of the hydrogen and calcium flocculi
indicates that the former lie at a somewhat higher level in the
solar atmosphere. Stereoscopic comparisons of calcium photo-
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graphs taken at intervals ranging from one to ten hours have
also proved very instructive.

Much- time has been devoted to the study of the spectra of
sun-spots, for the purpose of interpreting the cause of the
strengthening and weakening of solar lines. The photographs
of spot spectra used for this work were taken by Mr. Apams
and Mr. ELLERMAN with the 18-foot Littrow spectrograph,
used in conjunction with the Snow telescope. These photo-
graphs show thousands of lines not previously recorded, and
have served admirably for present investigations. For the in-
terpretation of the changes in the relative intensities of the
lines, many laboratory experiments were made by Dr. GALE.
It was soon found that by varying the temperature of a metallic
vapor, such as iron or titanium, the changes in the relative
intensities of the lines observed in sun-spots could be closely
imitated. This work, carried out systematically, led to the
conclusion that the characteristic line intensities of spot spectra
are probably the result of the reduced temperature of the spot
vapors, as compared with those of the ordinary reversing layer.
This conclusion was confirmed by the discovery in spot spectra
of the flutings of titanium, which do not appear to be present
at the higher temperature of regions outside of spots.

A study of the spectrum of Arcturus, photographed with a
spectrograph of very high dispersion, showed that the lines
that are strengthened in sun-spots are in general strengthened
in this star, at least in the region investigated. Lines that are
weakened in sun-spots also appear to be weakened in Arctu-
rus. This is a natural result if we assume a spot to be a com-
paratively cool region on the Sun, and if we suppose Arcturus
to be a star like the Sun, cooled to a temperature of the same
order as that of sun-spots. The presence of titanium flutings
in third-type stars affords another close bond of connection
between these stars and sun-spots. Results of this character,
when followed up with the aid of the 60-inch reflector, should
throw much light on the temperature classification of stars.

The radial motion of the calcium vapor in the flocculi has
been studied spectrographically by Mr. Apams. The average
displacement of the H, and K, lines corresponds to a velocity
of approach of the calcium vapor amounting to about o.41km
per second. The varying displacements obtained at different
times, however, indicate that general conclusions should be
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based only on very extensive investigations. The results given
by the bright lines H, and K, also show a displacement toward
the violet, so that the calcium vapor in the flocculi may be
regarded as moving upward.

Mr. ApauMs is engaged on an extensive study of the solar
rotation, based upon comparative photographs of the spectra
of opposite limbs, made with the 18-foot spectrograph of the
Snow telescope. The results, so far as reduced, are very
consistent, and should prove to be an important contribution
to this subject.

Bolographic studies of the absorption of the solar atmos-
phere, made by Dr. PALMER, with the advice and co-operation
of Mr. ABBOT, seem to indicate that the absorption may fluctu-
ate in an irregular manner within short periods. No satisfac-
tory conclusions can be drawn, however, until the investigation
has been carried farther and correlated with simultaneous
studies of the solar constant.

Professor E. F. Nicuors, of Columbia University, carried
on two special investigations during the summer. One of these
was the study of the effect of the ionization produced by X-rays
upon the absorption or radiation of a gas or vapor. The second
investigation dealt with the question whether the “Reststrahlen”
obtained after repeated reflections from rock-salt surfaces reach
us in any appreciable amount from the Sun.

The latitude and longitude of the Solar Observatory were
determined by Messrs. SMITH and McGrarH, of the U. S.
Coast Survey. The results obtained are as follows:—

Mt. Wilson
Triangulation Station. Snow Telescope Pier.
Latitude ........ 34°12’59".72 34° 12’ 59”.53
Longitude ...... 118 3 45 .54 118 3 34 .89

The Smithsonian Institution sent a second expedition to Mt.
Wilson during the summer of 1906, for the purpose of con-
tinuing the work undertaken in 1905. Although the season was
hardly as satisfactory as the previous one, a large number of
determinations of the solar constant were obtained. These are
of a high order of precision, and should leave no doubt, when
reduced, of the character of the variations which the results of
1905 seemed to exhibit. The admirable methods developed by
Mr. Assor, in conjunction with the late Secretary LANGLEY,
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seem well calculated to clear up the long-standing question
as to the variability of the solar radiation.

The work of the Computing Division has been organized and
placed under the direction of Mr. Apams. A series of offices
added to our building in Pasadena provide suitable quarters
for this work. Three computers, Miss WARE, Miss Lassy, and
Miss SMITH, are at present employed. Miss WARE, as already
stated, is engaged in the measurement of solar photographs
with the “heliomicrometer.” Miss LaAsBy is measuring Mr.
Apams’s photographs of spectra taken for the determination
of the solar rotation. Miss SMITH is measuring the area of
the calcium flocculi, in regions ten degrees square on the solar
surface, for the purpose of ascertaining the distribution and va-
riation of the solar activity. Special apparatus, devised for this
purpose, was constructed in the observatory instrument-shop.

The work of the Construction Division has made admirable
progress under the direction of Professor Ritcuey. Work
has advanced on the 60-inch mirror and its mounting, the heavy
parts of which were received from the Union Iron Works in
the autumn. In addition, many smaller instruments have been
constructed. The five-ton automobile truck, to be used for
transporting the mounting of the large reflector and the steel
for the building and dome in which it is to stand to the summit
of the mountain, has also arrived in Pasadena. The work of
widening the “New Trail” into a road is well advanced and will
be completed in the spring. This work has been carried out
under the immediate superintendence of Mr. GODFREY SYKES,
of the Desert Botanical Laboratory of the Carnegie Institu-
‘ tion, acting under the general direction and with the active
co-operation of Professor RiTCHEY.

Further details of the work of the year may be found in the
Annual Report of the Director, in Year Book No. 5 of the
Carnegic Institution, and in Contributions from the Solar Ob-

servatory, Nos. 3 to 14. .
arory, 3 4 GeorGe E. HALE, Director.

STUDENTS' ORSERVATORY, BERKELEY ASTRONOMICAL DEPART-
MENT, UNIVERSITY OF CALIFORNIA.

The year ending December last has been notable for a

marked increase in enrollment in the courses offered by the

Berkeley Astronomical Department. The number of students
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during the fall term of the year 1906 was 216, the same as the
combined enrollment for the two preceding terms. With the
enrollment during the current term, the attendance for the
academic year (1906-1907) has reached 378, as against 216 for
the preceding year.

The staff of the department has devoted practically all of its
time to instruction and has had to forego the much-desired
completion of several astronomical investigations. The depart-
ment was further seriously handicapped during the fall term
by a prolonged illness of Mr. EINARSON, the assistant.

Nevertheless, the regular computation by the *‘Short Method”
of one or more preliminary orbits of all newly discovered
comets was continued during the year, with the exception of
one case, by Dr. CRAWFORD, generally with,the assistance of
graduate students.

In his capacity as member and secretary of the State Earth-
quake Investigation Commission, the Director has devoted
much time to the collection and systematizing of data on the
California earthquake of April 18th.

On July 1, 1906, Dr. CRAWFORD was promoted to be Assist-
ant Professor of Practical Astronomy.

Important additions to the instrumental equipment have not
been made. The observatory has been fortunate, however, in
having the use of an Omori tronometer belonging to the Im-
perial Earthquake Investigation Commission of Japan. With
the aid of this instrument numerous good records of after-
shocks have been secured, as well as records of three earth-
quakes at a distance, including the Valparaiso earthquake in
August.

The work on the Watson asteroids has progressed sufficiently
to make it certain that the tables of twelve asteroids reported
on a year ago will go to press in April.

The chief assistant in this work has been Miss ESTELLE
GrLaNcy, Dr. NEWKIRK having accepted a position as Carnegie
Research Assistant at the Lick Observatory in September.

Dr. Crawrorp's further investigation of the constant of
refraction, and Dr. NEWKIRK'S tables for the reduction of
measured photographic positions and his investigation of the
Repsold measuring-engine are to be published in April.

A. O. LEUSCHNER, Director.
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An Interesting Variable—The leading article in the Astro-
nomische Nachrichten, No. 4148, by G. MULLER and P. KEMPF,
gives the determination of the period and the light-curve of a
new short-period variable of the § Cephei type. The star is
located in the constellation Casssopeia, B. D. 68° 200, and has
an average brightness of a little less than the sixth magnitude.
Its period was found to be 1.9498 days. But the chief interest
lies in the smallness of the range of brightness; this was found
to be only 0.33 of a magnitude. Observations were made
photometrically by both of the authors, and in order to be
certain that the variations found were in reality not large
accidental errors of observation they requested a third observ-
er, Mr. K. GraFfF, of Hamburg, to make visual observations
upon the star by ARGELANDER's method, without, however,
giving him any exact knowledge of the period to be expected.
The observations of Mr. GRAFF completely confirmed those
obtained at Potsdam, and there seems to be no doubt about
the reality of the variation. When it becomes possible to dif-
ferentiate with certainty a variation of a quarter of a magni-
tude from the accidental errors of observation, it serves to
illustrate the degree of precision attainable in modern photo-
metric work.

An  Unknoun Comet—During 1905 Professor E. E.
BarNarD, of the Yerkes Observatory, was stationed for a
time at the Solar Observatory of the Carnegie Institution on
Mt. Wilson, in California, engaged in photographing the south-
ern portions of the Milky Way with the Bruce photographic
telescope of the Yerkes Observatory. After returning from
the expedition a re-examination of the plates disclosed the
trail of a very faint comet on each of three plates taken on
July 22, 1905. These plates have been measured by Professor
BARNARD, giving an accurate position of the object, and the
results have been published in the Astronomische Nachrichten,
No. 4153. The comet had a right ascension of between eight-
een and nineteen hours and a declination between 20° and 21°
south. So far as known, it was neither seen visually by any
one nor photographed at any other place. The chief interest
in the object lies in the possibility of its belonging to the class
of periodic comets. If such should be the case, and it should
be observed at some future return to the neighborhood of the
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Earth, the position determined by Mr. BARNARD might prove
very valuable in fixing its orbit.

Heights of Meteors—Under the title, “Heights of Large
Meteors Observed in 1006,” (Astronomische Nachrichten, No.
4152,) W. F. DENNING gives some interesting results obtained
from the observations of ten meteors in England by himself
and persons co-operating with him. The height at appearance
varies between fifty-nine and eighty-nine miles, with an aver-
age value of seventy miles; the height at disappearance varies
between twenty-two and fifty-six miles, with an average value
of forty miles; the length of path varies between twenty-four
and seventy-two miles, with an average of forty-four miles;
the velocity in miles per second (given for only six) varies
between fifteen and thirty, with an average value of twenty-
two. It would be interesting if some one could devise a means
of computing, or even roughly estimating, the mass which must
be possessed by a meteor in order that it may give forth light
during its flight through a certain stretch of the upper atmos-
phere at a given velocity.

Isaac Roberts’s Celestial Photographs—Mrs. DOROTHEA
Isaac-RoBerTs has published in the .Astronomische Nach-
richten, No. 4154, a “"Preliminary Catalogue of Isaac RoBerTs's
Collection of Photographs of Celestial Objects.” This collec-
tion consists of 2,485 original negatives of stars, star-clusters,
nebule, and other celestial objects, together with many posi-
tives on glass and on paper. Over half of the negatives were
taken with a 2o-inch reflector of ninety-eight inches focal
length, and the balance were taken with various lenses up to
five inches in diameter.

Mrs. RoBERTS proposes to make this fine collection of nega-
tives available for the advancement of astronomical science, as
may be seen from the following quotation from her article :—

“ As soon as circumstances permit, a complete list of Isaac RoBerTs’s
tribute to astronomy will be published, in accordance with the wishes
and instructions of the deceased.

*“ The number of copies of the forthcoming paper being very limited,
the observatories and astronomers, official or amateur, who are
specially interested in photographic astronomy will please send in
their names to the address given below, early in 1907, in order that
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the various parts of the complete catalogue may be sent to them in
course of time.

“ Positives-on-glass reproduced from the Isaac Roberts negatives
will be lent for the purpose of micrometric measurements, if appli-
cation be made, and provided that the documents be returned after
completion of the measurements.”

Mrs. RoBERTS's address is Chateau Rosa Bonheur, By-
Thomery, Seine et Marne, France.

New Asteroids—The number of asteroids now exceeds six
hundred. Dr. J. BAUSCHINGER, Director des Astronomisches
Rechen-Institut, Berlin, has recently printed, in the Astro-
nomische Nachrichten, No. 4156, sets of elements for twenty-
five of these small bodies discovered during 1905 and 1906.

The Monthly Notices of the Royal Astronomical Society for
December, 1906, contains an article by Professor H. H.
TURNER, “On the Possibility of Improving the Places of Ref-
erence-Stars for the Astrographic Catalogue from the Photo-
graphic Measures,” which is characterized by the simplicity
of method and evident practical value which mark his other
contributions on the subject of photographic measures. In
the process of the reduction of the measured rectangular co-
ordinates of star-images on a photographic plate to the right
ascension and declination of the corresponding stars, plate
constants are derived with the help of the images of stars
whose positions are known from meridian or other independent
observations. The unavoidable errors in the positions of these
stars of reference affect the plate constants and through them
the positions of the previously unknown stars which result
from the measures. It is the readjustment of the assumed
co-ordinates of the stars of reference by a comparison of the
measures of their images made on overlapping plates that is
treated in this paper.

In the Oxford reductions for the astrographic catalogue it
has been customary to substitute for the least-square solution
of the equations for the plate constants a method in which all
the equations are combined to form eight derived ones, four
of which involve the constants a, b, ¢, and the remaining four
the constants d, ¢, f. The four derived equations of each
group are obtained by adding the equations arising from the
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medalist in an able and comprehensive address, from which
the following is taken.

Professor BRowN is the seventh astronomer to whom the
gold medal of the Royal Astronomical Society has been
awarded for work in connection with the lunar theory.

In a paper entitled “Theory of the Motion of the Moon,
Containing a New Calculation of the Expressions for the Co-
ordinates for the Moon in Terms of the Time,” published in
volume LIIT of the Memoirs, he has clearly stated the nature
of the problem on which he has been engaged, in the following
words :—

“The formation of numerical expressions deduced as a consequence
of the Newtonian laws of motion and gravitation which shall represent
the position of the Moon at any time may be roughly divided into three
stages. As a first step, we consider each of the three bodies—the Sun,
the Earth, and the Moon—as a sphere of mass equal to its actual mass,
and arranged in concentric layers of equal density. The Earth (or
center of mass of the Earth and Moon) is supposed to move round
the Sun in a certain ideal elliptic orbit, and all disturbances of this
orbit and of the Moon from any other source than the ideal Sun and
Earth are neglected. The first stage constitutes nearly the whole of
the problem of three bodies as far as the particular configuration of the
Sun-Earth-Moon system is concerned. When this is done, we pro-
ceed to the second step, which involves the determination of the
effects due to the difference between the actual and the ideal motions
of the Earth and Sun, to the influence exercised by the other bodies
of the solar system, and to the differences between the real and ideal
arrangements of the masses of the bodies. The calculations so far
may, theoretically at least, be made without any knowledge of the
configuration of the system at any given time or times, beyond a
general idea of the order of magnitude of certain of the constants
‘involved. The third and final stage consists in a determination by
observation of the various constants which have entered into the theory
and the substitution of their values, so as to obtain numerical expres-
sions for the co-ordinates in terms of the time.”

It is the completion of the first of these stages which has
primarily been the objeot of Professor BrowN's past labors;
and as a result he has, after arduous work extending over the
past fifteen years, completed the solution of the problem of three
bodies for the case of Sun-Earth-Moon with an accuracy very
far in excess of that attained by any of his predecessors in this
line of research.

Dr. G. W. HiLL, who speaks with the highest authority, has
expressed the following opinion on Professor BrowN’s
work :—
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finished his labors. As he himself has pointed out, in announc-
ing the completion of the main problem, much still remained
to be done before it was advisable to proceed to the construc-
tion of tables. On this work he is now engaged, and we may
rest assured that he will continue to bring to bear upon it
that energy and power of organized inquiry which have
enabled him already to secure such brilliant results.

Professor BrowN is an Englishman who has long been
resident in America, and who has for the past sixteen years
been connected with Haverford College. That association will,
however, be broken in the ensuing summer, and next autumn
Professor BRowN proceeds to Yale University. It is exceed-
ingly gratifying to know that his work on the lunar theory,
which he has been able to carry on at Haverford under most
favorable conditions, will not be interrupted by this change.
The Yale authorities have recognized the importance of his
work by arranging special facilities for its continuance, and
have also most generously undertaken to provide the funds
required for both the preparation and publication of the lunar
tables which will form the natural outcome of Professor
BrowN's labors. A.O. L.

Volume I, number I, of the Journal of the Royal Astronom-
ical Society of Canada bears the date January-February, 1907.
The object of the society is, in the words of the editor, “to
extend and popularize the study of astronomy, astrophysics,
and related branches of science.” The pages of the journal
are to be open to accounts of the work of amateurs as well as
to technical papers. For the present the publication is to
appear bi-monthly. The editors hope, however, soon to be able
to issue it monthly. ‘

Among the papers of especial interest in this first number
may be mentioned the president’s address, on “Progress in
Astronomy and Astrophysics during 1906,” and an article by
J. S. PLASKETT, on “The Spectrum of Mira Ceti.” The “Notes
from the Dominion Observatory,” “Brief Astronomical Re-
views,” and “Astronomical News” are also worthy of mention
as interesting and valuable features.

Notes from “Science.”—A bill has been introduced in the
legislature incorporating the New York Observatory and Nau-
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tical Museum, to which reference has already been made in
Science. It is stated in the charter that this museum is “for
the purpose of encouraging and developing the maritime in-
terests of New York City, of advancing the general knowl-
edge of the safe navigation of the sea, of the development of
harbor facilities, of prosecuting original researches in astron-
omy and navigation and in kindred subjects, and of affording
instruction in the same.”

Substantially, the museum would be placed on the same
basis as the Museum of Natural History and the Metropolitan
Museum of Art. The city is to provide the land and is to
erect the buildings, while the corporation is to secure by private
* subscription not less than $300,000 for equipping the nautical
museum and observatory and for prosecuting the other objects
of the institution.

The French Government has made Professor SimoN NEw-
comB, U. S. N,, (retired), Commander of the Legion of Honor.

Mr. E. B. McCLELLAN, third assistant at the Radcliffe Ob-
servatory, Oxford, died on January 2d, at the age of forty-five
years.

Mr. H. F. NEwaLL, of Trinity College, Cambridge, assistant
director of the observatory, has been elected president of the
Royal Astronomical Society, in succession to Mr. W. H. Maw.

Planet Markings—At the 628th meeting of the Philosoph-
ical Society of Washington, held on February 2d, Professor
NeEwcomB read a paper on “The Optical and Psychological
Principles Involved in the Interpretation of the Markings on
the Disks of the Planets.” A short outline of the paper may
be found in Science for March 1, 1907.

Mr. James D. MappriLL, of the University of California,
Fellow in the Lick Observatory, who will take the examinations
for the degree of Doctor of Philosophy in Astronomy, Physics,
and Mathematics in May, has been appointed by the Superin-
tendent of the United States Coast and Geodetic Survey to
succeed Dr. SIpNEY D. TowNLEY as observer at the Interna-
tional Latitude Observatory in Ukiah, and will enter upon his
duties in July. “A. O. L.~
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Obituary.—The Astronomische Nachrichten, No. 4145, con-
tains a notice concerning the life and works of JEAN ABRAHAM
CuRETIEN OUDEMANS, who died on December 14, 1906, at the
age of seventy-nine years. OUDEMANS was for many years
Professor of Astronomy and Director of the Observatory at
the University of Utrecht. He was chiefly interested in the
practical side of astronomy, and as an observer and computer
held high rank among his contemporaries. He was also inter-
ested in geodetic work, and spent eighteen years in charge of
the triangulation of the Dutch East Indies. The result of this
work was published in six volumes under the title of “Trian-
gulation of Java.” Although Professor OUDEMANS retired
from the directorship of the Utrecht Observatory in 1898, yet
he did not give up his astronomical work, and only a short
time before his death presented a paper at a meeting of the
Royal Academy of Sciences of Amsterdam, on the “Mutual
Occultations and Eclipses of the Satellites of Jupiter in 1908,”
an abstract of which will be found in these notes in our next
number.

Miss AGNEs MaRry CLERKE, the scientific writer, died on
Sunday morning, January 2oth, at her residence, 68 Redcliffe
Square, S. W., London, England, at the age of sixty-four. An
astronomical correspondent writes with reference to Miss
CLERKE :(—

“During the last century two ladies only were eclected honorary
members of the Royal Astronomical Society—CaroLINE HERSCHEL and
Mrs. SomerviLLE. The new century soon saw fresh honorary members
elected, and among them Miss AGNEs CLERKE, whose last important
work, ‘ Problems in Astrophysics,’ was of such great scientific value
that the Astronomical Society could no longer ignore her claims to
public recognition by them. And when we say ‘last important work’
we must acknowledge also the outstanding merit of two earlier books,
‘The System of the Stars’ and ‘ History of Astronomy in the Nine-
teenth Century,’ besides less important volumes, ‘ The HerscHELs and
Modern Astronomy,” ‘ Modern Cosmogonies,” and many scientific mag-
azine articles, principally of the nature of reviews or interpretations
of results, in which her keen insight into the true significance of ob-
served physical facts was as wonderful as her fluency and command
of language, so that both from the literary and scientific standpoints she
must he ranked as a great scientific writer. No one writing a history
of modern astronomy can fail to acknowledge the great debt owed
to the masterly array of facts in her ‘History” No worker in the
vast field of modern sidereal astronomy" opened by the genius of
HrerscHEL and greatly widened by the application of the spectroscope
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to the chemical and physical problems of the universe lacked due
recognition by Miss CLERKE, who performed as it seemed no other
writer could have done the work of collation and interpretation of
this enormous mass of new material, ever pointing the way to new
fields of investigation, often by one pregnant suggestion sweeping
aside a whole sheaf of tentative conjectures and indicating, if not the
true line—for in many cases the truth is yet to seek—at least, a plaus-
ible and scientific line well worth pursuing. She will be missed at
the meetings of the Royal Astronomical Society, at which she was a
constant visitor even before her election as an honorary member, and
where her clear judgment was at times called upon to dctermine the
value of some new suggestion in the domain of celestial physics. She
was not a practical astronomer in the ordinary sense; but her death,
on Sunday morning, leaves a gap that will be hard to fill. She was the
daughter of Mr. JoHN WiLLtaM CLERKE, who died in London in 18g0.
Her sister, Miss C. M. CLErRKE, who died a few months ago, also wrote
on astronomical subjects. though in a far more humble way.”—The
Times, London.
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Pulkowo. Band I, No. 12. 1907. 4to. 23 pp.

BoxsporFr, I. Beobachtungen von 8 Cassiopije mit dem
grossen Zenitteleskop. Mitteilungen der Nikolai-Haupt
Sternwarte zu Pulkowo. Band II, No. 13. 1907. 4to.
16 pp.

CaxxoN, ANNIE J. Second catalogue of variable stars. Cam-
bridge: Annals of the Astronomical Observatory of Har-
vard College. Vol. LV, Part I. 1907. 4to. iii + 94 pp.
Paper.

CooksoN, BryaN. Determination of the mass of Jupiter and
orbits of the satellites from observations made with the
Cape heliometer. Edinburgh: Annals of the Royal Ob-
servatory, Cape of Good Hope. Vol. XII, Part IL. 1906.
4to. 215 pp. Paper. 6s.

bE SiTTER, W. A determination of the inclinations and nodes
of the orbits of Jupiter's satellites, from photographic
plates taken at the Royal Observatory, Cape of Good Hope.
Edinburgh: Annals of the Royal Observatory, Cape of
Good Hope. Vol. XII, Part III. 1906. 4to. 139 pp.
Paper. 4s.

Franz, J. Der Mond. Leipzig: Teubner. 1906. 12mo.
132 pp. ,
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College Observatory. 1907. 8vo. 19 pp.
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Edinburgh: Annals of the Royal Observatory, Cape of
Good Hope. Vol. X, Part II—Spectroscopic Researches.

1900. 4to. 43 pp. Paper. 3s.
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MULLER, G., und KEMPF, P. Photometrische Durchmusterung
des Nordlichen Himmels, enthaltend die Groszen und Far-
ben aller Sterne der B. D. bis zur Griosze 7.5. General-
katolog. Potsdam: Publikationen des Astrophysikalischen
Observatoriums zu Potsdam. Band XVII. 1907. 4to.
xxxv + 293 pp. Boards. 18m.

Oubemans, J. A. C. Mutual occultations and eclipses of the
satellites of Jupiter in 1908. Parts I and II. Reprinted
from the Proceedings of the Amsterdam Academy of Sci-
ences, 19o6. 32 and 15 pp.

WEINEK, L. Astronomische Beobachtungen an der K. K.
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4to. vi+ 106 pp. Plates.
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1907. 8vo. 546 pp. Cloth, $3.50.

Positions of Phaobe, 1898-1904. Cambridge: Annals of the
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No. III. 4to. 40 pp. Paper.

Eclipses of Jupiter's satellites, 1878-1903. Cambridge: Annals
of the Astronomical Observatory of Harvard College. Vol.
LII, Part I. 4to. iii 4 148 pp. Paper.

The Nautical Almanac for 1910. Edinburgh: 1906. 8vo.
xiii + 602 + 44 pp. Paper, 2s 6d.

Catalogue of stars for the equinox 1900.0, from observations
made at the Royal Observatory, Cape of Good Hope, dur-
ing the years 1900-1904. Edinburgh: 1906. 4to. xiii 4
123 pp. Cloth, 4s 6d. '

A catalogue of 8,560 astrographic standard stars between
declinations — 40° and — 52° for the equinox 1900.0,
from observations made at the Royal Observatory, Cape of
Good Hope, during the vears 1896-1899 (with three ap-
pendices). Edinburgh. 1906. 4to. lix 4 403 pp. Cloth.

Results of meridian observations of stars made at the Royal
Observatory, Cape of*Good Hope, in the years 1goo to
1904. Edinburgh. 1906. 4to. xxx + 274 pp. Cloth.

Astronomical and magnetical and meteorlogical observations
made at the Royal Observatory, Greenwich, in the year
1004. Edinburgh. 1906. 4to. cxlvi 4 (334) + (96) +
155 + 97 + leiii 4 (cxliii) 4 9 + 23 +-vii 4 24 pp. Cloth.
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MINUTES.OF THE MEETING OF THE BOARD OF DIRECTORS HELD
ON MARCH 30, 1907, AT 7: 30 P.M.

President LEUsCHNER presided. A quorum was present.

The following resolution was adopted :—
Resolred, That the Publication Committee be authorized to expend $6oo for
Publications to the end of the current calendar year.

Adjourned. ’

MINUTES oF THE NINETEENTH ANNUAL MEETING OF THE
ASTRONOMICAL SOCIETY OF THE PACIFIC, HELD IN
THE LAw OFFICES oF CUSHING, GRANT &
CUSHING, 1652 O’FARRELL STREET,

MaRrcu 30, 1907, AT 8 P.M.

The meeting was called to order by President LEUSCHNER. A
quorum was present. The minutes of the last meeting were approved.

The Committee on Nominations reported a list of names proposed
for election as Directors and Committee on Publication. Messrs.
Bamp and CornisH were appointed as tellers. The polls were open
from 8:15 to 9 P.M., and the following persons were duly elected to
serve for the ensuing year:—

For Directors: R. G. A1TKEN, A. H. Bascock, CHAS. BURCKHALTER,
Wu. H. Crocker, W. W. CampeerL, CHAS. S. CusHING, GeorGe E.
HaLg, S. D. TownLEy, F. R. Zier, R. T. Crawrorp, D. S. RICHARDSON.

For Committee on Publication: R. G. A1TkeN, S. D. TowNLEy,
B. L. NEWKIRK.

REPORT OF THE DONOHOE COMET-MEDAL COMMITTEE FOR THE YEAR lﬂﬁ.

The following comets were discovered during the year 1906:—

Comet a 1906, an unexpected comet, was discovered by Professor W. R. Brooks
at Geneva, New York, on January 26th.

Comet b 1900, an unexpected comet, was discovered by Dr. A. Korrr at Heidel-
berg, Germany, on March 3d.

Comet ¢ 1906, an unexpected comet, was discovered by D. Ross at Melbourne,
Australia, on March 17th.

Comet d 1906, FinLAY’S periodic comet, was re-discovered by Dr. A. Korrr at
Heidelberg, Germany, on July 16th.

Comet ¢ 1906, an unexpected comet, was discovered by Dr. A. Koerr at Heidel-
berg, Germany, on August 22d.

Comet f 1906, HoLMESs's periodic comet, was re-discovered by Professor Max
WoLr at Heidelberg, Germany, on August 28th.

Comet g 1906, an unexpected comet, was discovered by Professor H. THiELE at
Copenhagen, Denmark, on November 10th.

Comet h 1906, an unexpected comet, was discovered by Rev. J. H. MercaLr at
T: M h on November 14th.

The Donohoe Comet-Medal of the Astronomical Society of the Pacific has been
awarded to the discoverers of Comets a, b, ¢, ¢, g, and h.

It should be noted that Comets b, d, ¢, f, and h 1906 were discovered by photo-

graphic methods.
Respectfully submitted, W. W. CaMPBELL,

CHAS. BURCKHALTER, } Committee.
C. D. PErmINE,
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The Treasurer submitted his Annual Report, as follows:—

ANNUAL STATEMENT OF THE RECEIPTS AND EXPENDITURES OF THE
" ASTRONOMICAL SOCIETY OF THE PaAcIFic ForR THE FiscaL

YEeAR ENDING MARCH 30, 1907.
GENERAL FUND.

Dues outstanding—
For 1906..............%100 00
For 1907.....c000uuen. 310 00

$410 00

Receipts.
1906. April 1st. Balance.............ooiiiiinnn. . $ 36 13
Received from—
Dues for 1906 and previous years.............. $191 0§
Dues for 1907 ...coiviiieiiiiiniiiiencennaees 555 40
$ 746 45
Life membership fee ..................... 50 ov
Sales of Publications ..........ccveevneeeanns 39 oo
Legacy, Estate of Morris REIMAN..... R, .. $00 00
Less inheritance tax ...............$18 go
Less lawyer’s fees ................. 50 00
68 90 431 10
Life Membership Fund (interest)..................... 72 04
Life Membership Fund (loan)........ 276 25
John Dolbeer Fund (interest)...........ccccveeennnnns 219 47
Wm. Alvord Fund (interest).............ceevueeennen, 180 84
London & Lancashire Fire Insurance Company, for loss
under Policy No. 4823220, on claim of $2,000...... 1,900 o0
$3,915 1§
$3.951 26
Less transfer to Life Membership Fund (fee)........ vee.ee $ 50 00
Less transfer to Montg y Library Fund (fire insurance
108S)  tiiiiiiiiiiiiiittetatetetaanateettstctennsssesse 1,000 0O
1,950 00
$2,001 26
Expenditures.
For Publications—Printing Nos. 106 to 112........ $1,115 75
’ Ilustrations ...........ccovenn. 9 10
$1.124 83
Reprints .......ccciiiiiiiiiiiiiinnnnen teversenees $36 50
Stationery and printing ........ eteeeee e e 71 20
Postages ..........ciiiiiiiinnnnn Ceetsiieesieenan 60 oo
Rent .............. e et e e
Salary Secretary-Treasurer ...... et ... 180 o0
Expressages ........ P 18 71
Janitor ... i i 11 9o
Gas .......o... e e eeiaiee ettt 20
Insurance premiums ............. P .. 17 60
Fee re claim vs. Rhine-Moselle Fire Insurance Co.. s 0o
Lantern at lecture......ooviveienennnnes 8 oo
Engrossing ............ Chreeieraae Ceeees 2 2§
Notary fces .......c.vcnnn. 3 so
Rent safe deposit box ... .iiiiiiiiiiiiiiiiiiian., 5 0o
Bank exchanges ...... R 30
420 16
,545 o1
1907. March 3oth. Balance...........cocvnen... ettt ieeia e $ 456 25
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LIFE MEMBERSHIP FUND.

1906. April 1st. Balance.............coiiiiiiiiiiiiiiiiii e $1.953 95
Received from General Fund (fee)..........covvviiiiennnnnns 50 00
INterest ....iuiiiiienneiiitenereinsesesstsasessssannosansanes 72 o4

" $2,075 99
I.ess transfer to General Fund (interest)............... $ 72 o4
Less transfer to General Fund (loan).................. 276 25
348 29
1907. March 3oth. Balance.........c.ciiiiiniiiiiiiiiiinnnnnneannns $1,727 70
ALEXANDER MONTGOMERY LIBRARY FUND.
1906. .April 1st. Balance ..................... eeteeerereeneaeann $1,533 87
Received from London & Lancashire Fire Insurance Company,
on claim of $2,000 ... viiiiiiiiiiiiiiiiietaitetaationnan 1,900 00
Interest ... .. ittt it ittt et st eraeaaas 67 so
1907. March 30th. Balance ...........c.eeveeeineeneenereneannnnnn $3,501 37
DONOHOE COMET-MEDAL FUND.

1906. April 1st. Balance .........iiiiiiiiiiiiiiiiiieiiiiraaienan $ 766 s7

Interest ... ...ttt ittt teeett et 28 94

.. $ 795 st

Less engraving medals Nos. s3, 54, 55, and postage............ 2 8s

1907. March 3oth. Balance ............ciiiiiiiiiiiiiinnrnnennnans $ 792 66
BRUCE MEDAL FUND.

1906. April 1st. Balance .......c.ciiiiiiiiiiiiiiiiiieiiireiatenas $2,669 04
Interest ................ Geseteteereotcattsnetanassssne 122 61

1907. March 3oth. Balance ................c... Ceessecteeeiiaieis $2,791 65

JOHN DOLBEER FUND.

1906. April 18t. Balance ........c.c.iiiiiiiiiiiiiiii e $5,000 00

Interest .....iviiieieiiioriearensretenetatanecnestsacasensanas 219 47

$5.219 47

Less interest expended for Publications (see General Fund).... 219 47

1907. March 3oth. Balance ...........c.ciiiiiiiiiiiirnicnnnnnanns $5.000 00
WILLIAM ALVORD FUND.

1906. April 18t. Balance ..........ciiiiiiiiiiiiiiiiiieiei i $5,000 o0
Interest .......iiiiiiiriiiiiiiiiietiieaaaannnn S 180 84

$5,180 84

1907.

Less interest expended for Publications (see General Fund).... 180 84

March 3oth. Balamece ................. tesetseasesesenaeanens $5.,000 00
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Balances as follows:-— FUNDS.

General Fund.
With Donohoe-Kelly Banking Company........cccounuue

Life Membership Fund.
With German Savings & Loan Society................ $ 727 70
South Pacific Coast Railway Co. 1st Mortgage 4 per cent

guaranteed (by S. P. Co.) $1,000, Gold Bond No. 3406 1,000 oo
(Interest Jan. and July; principal due July 1, 1937.)

Alexander Montgomery Library Fund.

With Security Savings Bank............cooiviuiiiinns $1,377 35
Oakland Transit Consolidated, 1st consolidated Mortgage
¢* per cent, $1,000 Gold Bond No. 4328............ 1,040 00

(Interest Jan. and July; principal due July 1, 1932.)
Sunset Telephone and Telegraph Company, lid:

Mortgage 5 per cent, $1,000 Gold Bond No. 641...... 1,084 o2

(Interest April and Oct.; principal due Oct. 1, 1929.)

Donohoe Comct-Medal Fund.

With San Francisco Savings Union...................
Bruce Medal Fund.
With Mutual Savings Bank....... Cebetecaesrbeineas $ 8or 93

Bay Counties Power Company, 1st consolidated Mortgage
s per cent, $1,000 Sinking Fund Gold Bond No. 1636.. 1,012 s0
(Interest March and Sept.; principal due Sept. 1, 1930.)

The Edison Electric Company, Los Angel 1st and Re-
funding Mortgage s per cent, $1,000 Gold Bond No. 168 977 22
(Interest March and Sept.; principal due Sept. 1, 1922.)

John Dolbeer Fund.

With Union Trust Company......cceeveruncennacnsnnns $ 970 28

South Pacific Coast Railway Company, 1st Mortgage 4 per
cent guaranteed (by S. P. Co.), $1,000 Gold Bond No.
7 2 1,000 00
(Interest Jan. and July; principal due July 1, 1937.)

QOakland Transit Consolidated, 1st consolidated Mortgage
s per cent, $1,000 Gold Bond- No. 432¢.............. 1,040 0O
(Interest Jan. and July; principal due July 1, 1932.)

Bay Counties Power Company, 1st consolidated Mortgage
s per cent, $1,000 Sinking Fund Gold Bond No. 1637. 1,012 so
(Interest March and Sept.; principal due Sept. 1, 1930.)

The Edison Electric Company, Los Angeles, 1st and Re-
funding Mortgage s per cent, $1,000 Gold Bond No. 169 977 22
(Interest Marck and Sept.; principal duc Sept. 1, 1922.) ———

William Alvord Funmd.
With Humboldt Savings Bank
With Savings & Loan Society
Sunset Telephone and Telegraph Company, consolidated
Mortgage 5 per cent, $1,000 Gold Bond No. 656, and
$1,000 Gold Bond No. 657.....ccvvirnrninennnncans 2,168 06
(Interest April and Oct.; principal due Oct. 1, 1929.)
Contra Costa Water Company, s per cent $1,000 Gold
Bond No. 87 ..iiiiiiiiiiiiiitierernranronannannaas 1,036 50
(Interest Jan. and July: principal due Jan. 1, 1915.) —

San Francisco. March 30, 1907.
Examined and found corrcct.
Cnarces S. CUSHING,) Auditing

$ 456 25

1,727 70

3,501 37

792 66

2,791 65

5.000 0@

5,500 o0

$19,269 €3

B. A. Barmp, Committee. F. R. Zier, Treasurer.

The report was, on motion, accepted and filed.
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The President, in an informal address, briefly reviewed the condition
of the Society, and then proceeded to speak on the results of statistics
on the eccentricities of comet orbits, an extract of which appears in
this number of the Publications.

Professor AITKEN gave an interesting talk on “Double Stars.”

The thanks of the Society were returned to Messrs. CUSHING, GRANT
& CusHING, for the use of their rooms.

Adjourned.

MINUTES OF THE MEETING OF THE BOARD o¥ DIRECTORS HELD
MARCH 30, 1907, AT 10 P.M.

The new Board of Directors was called to order by President
LEUSCHNER. A quorum was present. The minutes of the last meeting
were approved.

The business in hand being the election of officers for the ensuing
year, the following officers, having received a majority of the votes
cast, were duly elected :(—

President: Mr. CHas. S CuUsHING.

First Vice-President: Mr. A. H. Bascock.

* Second Vice-President: Mr. W. W. CAMPBELL.

Third Vice-President: Mr. Geo. E. HALE.

Secretary: Mr. R. T. CRAWFORD.

Treasurer: Mr. F. R. ZiEL.

Committee on the Comet-Medal: Messrs. W. W. CAMPBELL (ex
officio), CHAs. BURCKHALTER, C. D. PERRINE.

Library Committce: Messrs. CRAWFORD, IRVING, TOWNLEY.

Mr. CrawFORD was appointed Librarian.

The President was authorized to appoint the members of the Finance
Commiittee, and made the following sclections :—

Finance Committee: D. S. RicHarpsoN (Chairman), Wwm. H.
CROCKER, CHAS. BURCKHALTER.

The Committee on Publication is composed of Messrs. R. G. AITKEN,
S. D. TownLEy, B. I.. NEWKIRK.

The following resolution was adopted :—

WHereas, Mr. F. R, ZieL retires from the office of Secretary of the Society
after fifteen consecutive years of service;

Resolved, That the Directors hereby express their hearty thanks to Mr. ZieL
for the disinterested fidelity and the great efficiency of his services to the Society.

Adjourned.
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ECLIPSES AND TRANSITS OIF THE SATELLITES
OF SATURN OCCURRING IN THE YEAR 19o7.

By HerMaNN STRUVE.

In the present year the cycle of eclipses and transits of the
<atellites of Saturn extends over all satellites, including
Titan, and it is to be hoped that this very favorable opportunity
of observing these interesting phenomena will not be lost. 1
have therefore computed the approximate times and places of
the eclipses and transits for every day from June 20, 1907, to
January 17, 1908.

In the following tables are first collected the data for the
eclipses and transits of T7itan, phenomena which can be
observed also with smaller instruments. It would be of par-
ticular interest to observe the eclipses of Titan with photom-
eters, the long duration of the appearances of Titan giving
sufficient time for photometric comparisons. In the case of
Titan it happens that both phenomena, the disappearance and
the reappearance, are visible on the same day from the Earth.
The times given for the eclipses of Tifan are the moments
when the center of the satellite passes the shadow-cone from
the center of the Sun. [For the transits of the shadow and of
the disk of Titan the times of their crossing the minor axis
of the planet are computed, and also the semi-duration of the
transits, giving the approximate times of their ingress and
egress on the disk of Saturn. Tt is to be understond that the
predicted times depend greatly on the assumed values of the
diameters of the planet and may deviate several minutes from
the truth. Careful estimations of the times when the shadow
on the disk of Titan is first or last seen on the planet will be
very valuable.






Astronomical Society of the Pacific. 127

DISAPPEARANCE AND REAPPEARANCE OF THE RINGS
OF SATURN.

1907. April 17. Disappearance. The Earth in the plane of the rings.

July 26, Reappearance. The Sun in the plane of the rings.
October 4. Disappearance. The Earth in the plane of the rings.
1908. January 7. Reappearance. The Earth in the plane of the rings.

ECLIPSES OF TITAN.

.$ and p denote the geocentric place of Titan at the time of its eclipse, i. e. the
distance from the limb of the planet, and the position-angle, counted from the
north point of the minor axis to the west or to the east.

Gr. M. T. 5 4

1907. June 7 Disapp. 1h 23m 15”.8 104° West.
June 7 Reapp. 7 o 1.4 128
June 23 Disapp. o 27 17 .1 105§
June 23 Reapp. 6 14 2.0 130
July 8 Disapp. 23 33 17 .0 106
July ¢ Reapp. 5 20 1.5 134
July 24 Disapp. 22 40 15 .5 106
July 25 Reapp. 4 37 0.0 141
Aug. 9 Disapp. 21 49 12 .5 105
Aug. 25 Disapp. 21 o 8 .0 104
Sept. 10 Disapp. 20 13 2.6 101

Sept. 27 Reapp. I 9 2.2 o1 East
Oct. 13 Reapp. 0 15 6.9 8
Oct. 28 Reapp. 23 19 106 8
Nov. 13 Reapp. 22 22 13.0 81
Nov. 29 Disapp. 16 56 0.9 7I
Nov. 29 Reapp. 21 22 13.8 82
Dec. 15 Disapp. 16 27 1.9 77
Dec. 15 Reapp. 20 19 13.0 83
Dec. 31 Disapp. 16 3 2.0 &
: Dec. 31 Reapp. 19 9 108 87
1908. Jan. 16 Disapp. 15 51 1.9 93
Jan. 16 Reapp. 17 48 7.3 02

SHADOW OF TITAN AND DISK OF TITAN.

Crossing the minor axis of the planet at the distance y from the center.
Semi-duration

Gr. M. T. ) of transit.
1907. June 15 Shadow oh 56m 1”9 South  3ho
June 15 Disk 16 2 6 .4 North 1.7
July 1 Shadow 9 5 1 .2 South 3.0
July 1 Disk 15 7 7 © North 1.5
July 17 Shadow 8 16 0.5 South 3.0
July 17 Disk 13 48 7 .0 North 1.6
Aug. 2 Shadow 7 30 0 .2 North 3.0
Aug. 2 Disk 12 6 6.3 North 2.0
Aug. 18 Shadow 6 43 0.9 North 3.0
Aug. 18 Disk 9 5I 5.0 North 2.5
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Semi-duration

Gr. M. T. of transit.
1907. Sept. 3 Shadow 5h 5om 1”6 North 3ho
b Sept. 3 Disk 7 42 3.2 North 28
Sept. 19 Disk 5 14 1.3 North 3.0
" Sept. 19 Shadow 515 2.3 North 29
Oct. 5 Disk 2 48 0 .7 South 3.0
Oct. 5 Shadow 4 33 2.9 North 29
QOct. 21 Disk 0 31 2 .2 South 2.9
Oct. 21 Shadow 3 49 3.6 North 2.8
Nov. 5 Disk 22 32 3 .1 South 2 8
Nov. 6 Shadow 3 5 4.3 North 2.6
Nov. 21 Disk 20 46 3 .4 South 2 8
Nov. 22 Shadow 2 21 4.9 North 2 4
Dec. 7 Disk 19 47 2 9 South 2 .8
Dec. 8 Shadow 1 34 5.5 North 2.1
Dec. 23 Disk 19 2 1.8 South 29
Dec. 24 Shadow o 48 6 .2 North 1.8
1908. Jan. 8 Disk 18 42 o .2 South 3.0
Jan. 8 Shadow 23 59 6 .8 North 1.2
Jan. 24 Disk 18 42 1.7 North 3.0
Jan. 24 Shadow? 23 6 7 .4 North ?

ECLIPSES OF THE INNER SATELLITES OF SATURN, 1907

DISAPPEARANCE BEFORE OPPOSITION.

s and p denote the geocentric place of the satellite at the time of its disappear-
ance, i. e. the distance from the limb of the planet, and the position-angle, counred
from the north point of the minor axis to the west.

GLM.T. S 4 Gr. M. T. s 4
June 20 Mi  ohgam 2”3 91°West , Junc 28 Te ohgm 3”9 04°W

Rh 4 2 7 .2 100 : Mi 12 16 2.2 9l

Di 4 5 5.2 09 ' En 1355 3.2 o6

Fn 8 36 3.2 o | 29 Rh 4 55 7 .4 100

Te 2029 3.9 o4 - ! Mi 105 2.2 o1

Mi 23 19 2.3 oI | IEn 22 48 3.2 oo

21 En 17 29 3.2 06 i 30 Te 7 2 3.8 o4
Mio 21 356 2.3 O9I ‘ Mi o9 30 2.2 9I

22 Te 17 48 3.9 04 | July 1 Di 2 51 5.2 99
Mi 20 33 2.3 Ol | En 7 41 3.1 96

Di 21 460 5.2 09 | Mi 8 7 2.2 ol

23 TiD o 27 17 .1 105 | 2 Te 4 21 3.8 o3
En 2 22 3.2 96 | Mi 6 44 2.2 o9t
TiR 6 14 2.0 130 | En 16 33 3.1 96

Mi 19 10 2.3 o1 ) 3 Mi 5 21 2.2 91

24 En 11 15 3.2 of | Rh 17 22 7 .4 101
Te 15 7 3.9 o4 ' Di 2033 5.2 o

Rh 16 28 7 .3 100 l 4 En 1 27 3.1 g6

Mi 17 47 2.3 oI { Te 1 39 3.8 o4

25 Di 15 28 5.2 99 ! Mi 358 2.2 o1
Mi 16 25 2.3 oI : s Mi 236 ¢2.2 92

Fn 20 9 3.2 96 I En 10 21 3.1 @b

26 Te 12 235 3.9 03 I Te 22 58 3.8 o4
Mi 15 2 2.3 91 ! 6 Mi 1 13 2.2 o2

27 En 5 2 3.2 ¢b I Di 1415 5.1 99
Mi 13 39 2.3 O En 19 14 3.1 96

28 Di o9 10 5.2 99 Mi 2350 2.2 o2
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Gr. M. T. s ? GL.M.T. 4 ?
20h 1ym 3”8 04°West | July 26 Mi 18hsom . 1”9 g2°West
22 27 2.2 92 27 En 8 31 2.7 06

4 7 3.0 o6 Mi 17 27 1.9 02
5 49 7 .3 101 28 Di 11 48 4.6 99
21 4 2.2 Q2 Te 14 41 3.3 94
TiD 23 33 17.0 106 Mi 16 4 1.9 02
iR 520 1.5 134 En 1725 2.7 o6
756 5.1 99 20 Mi 1441 1.9 o2
130 3.0 ¢ 30 En 218 2.7 o6
1735 38 o4 Te 12 o0 3.2 04
19 41 2.2 02 Mi 13 18 1 8! g2
1818 2.2 02 Rh 20 4 6.2 100
21 53 3.0 9 31 Di 53 4.5 9%
I4 54 3.7 9 En 11 11 26 96
16 55 2.2 92 Mi 11 s5 1.8 o2
18 5.1 99 Aug. 1 Te o019 3.1 04
647 3.0 9 Mi 1033 1.8 o2
153 2.2 92 En 20 4 2.6 g6
18 16 7 .2 101 2 Mi 9 10 18 o2
12 12 3.7 %4 Di 2312 4.3 99

14 10 2.2 @2 3 En 55 2.3 o
15 0 3.0 9 Te 637 3.0 04
12 47 2.2 02 Mi 747 18 o2
19 20 5.0 99 4 Mi 624 1.7 02
03 3.0 o Rh 8 32 5.8 ‘100
93 3.7 9% En 1351 2.5 06
12y 2.0 02 s Te 33 20 o4
9 3.0 9 Mi 5 1 1.7 o2
10 1 2.1 .92 Di 1654 4.0 08
6 43 7 .0 101 En 22 44 2.4 06
650 37 % 6 Mi 33 1.7 02
8 2.1 92 7 Te 115 2.8 o4
131 5.0 9% Mi 216 1.7 92
18 19 3.0 96 En 7 37 2.3 o
715 2.1 092 8 Mi 035 1.7 02
312 2.9 o Di 103 30 o8
4 8 36 o En 16 30 2.3 o6
55 2.1 92 Rh 20 50 5.4 100
43 2.1 092 Te 22 33 28, 03
643 49 9 Mi 233 1.6 o2
12 6 29 ¢ o Ti 21 49 12.5 105
127 36 94 Mi 22 7 1.6 o2
3 7 2.1 o2 1o En 124 2.2 96
19 10 6.7 100 Te 19 52 2.7 03
2050 29 9% Mi 2045 16 o2
14 2.0 02 1m Di 417 3.7 o8

224 3.5 M En 1017 2.2 0§ '
oz2r 2.0 92 Mi 1922 1.5 02
025 48 99 12 Te 1711 26 03
552 28 o - Mi 175 1.5 02
2258 20 092 En 19 10 2.2 0§
14 45 28 o6 13 Rh 926 4.9 o9
e 20 4 34 9% Mi 16 36 1.5 02
21 35 2.0 92 Di 21 59 3.5 o8
TiD 22 40 15.5 106 14 En 4 3 2.1 095
TiR 4 37 o0.0 141 Te 14 20 2.5 03
i 18 7 4.7 9 Mi 15 13 1.5 02
20 12 2.0 02 15 En 12 56 2.0 05
2338 28 06 Mi 1351 1.4 O2
7 37 6.4 100 16 Te 11 48 2.3 03
17 23 3.3 % Mi 1228 1.4 92
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SHADOWS OF THE SATELLITES OF TETHYS, DIONE, RHEA.
Crossing the minor axis of the disk at the distance y from the center.
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PLANETARY PHENOMENA FOR JULY AND
AUGUST, 1907.

By MarcoLM McNEILL.

PHASES OF THE MOON, PACIFIC TIME.
Last Quarter...July 2,6h 34m aA.Mm. | New Moon....Aug. 8, 1oh 36m p.M.

New Moon .... “ 10,7 17 AM. | First Quarter.. * 16, 1 5 P.M.
First Quarter... “ 18,5 12 am. | Full Moon..... “ 23, 4 15 A.M.

TFull Moon .... * 24,8 30 Pp.M. l Last Quarter.. “ 30, 9 28 a.M.
Last Quarter... “ 31,6 25 P.M. |

The Earth reaches aphelion—that is, reaches its greatest
distance from the Sun—]July sth, 7 A.M. Pacific time.

There will be two eclipses during July. The first is an
annular eclipsc of the Sun on July 1oth, not visible in the
United States. The path of central eclipse begins in the South
Pacific, crosses South America, and ends in the South Atlantic.

The second is a partial eclipse of the Moon on the evening
of July 24th. The beginning of the actual eclipse is visible
generally throughout North America except the northwest
portion, and the end throughout North America except Alaska.
The principal phases are as follows, Pacific time :—

Moon enters penumbra, July 24, 5" 59™ p.M.

Moon enters shadow. . 7 4 P.M.
Middle of the eclipse. . 8 22 pP.M.
Moon leaves shadow. .. O 41 P.M.
Moon leaves penumbra 10 46 P.M.

The maximum obscuration of the Moon is a little more than
six tenths of the Moon’s diameter. A

Mercury on July 1st is an evening star, having passed great-
est cast elongation on June 27th, and sets about an hour and
onc half after sunset. It is therefore at this time in fine posi-
tion for observation., but it soon draws too near the Sun to
be seen, and passes inferior conjunction on the evening of
July 24th, becoming a morning star. It then moves rapidly
away from the Sun, reaching greatest west elongation
(18° 51’) on August 12th. It then rises about an hour
and one half before sunrise and will be an easy object in the
morning twilight. By the end of the month it has nearly
reached superior conjunction with the Sun.
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Fenus is still a morning star, rising 1® 24™ before sunrise
July 1st, 1b 3™ August 1st, and less than half an hour before
on August 3oth. It cannot easily be seen by the naked eye
much after the first week in August. By the end of that month
it will nearly have reached superior conjunction with the Sun.

During the latter part of July and through August Mercury,
Venus, Jupiter, and Neptune are all very close together in the
early mormning sky just above the eastern horizon, and a good
many conjunctions occur. Mercury is in conjunction with
Jupiter July 31st, 8 p.mM., and with Venus at 5 a.M. on August
1st,—not very close approaches, Mercury being nearly 5° south
in each case. Next, on August 1st, 9 A.M., Venus and Jupiter
are in conjunction, Venus being only 18 north of Jupiter.
Mercury and Jupiter are again in conjunction on August 10oth,
Mercury 2° 5 south.

Aars comes to opposition with the Sun July 6th, 7 At
Pacific time, and is then above the horizon during the entire
night. On August 1st it is above the horizon until about 2 a.Mm.,
and on August 31st it sets about half an hour after midnight.
During most of the period it is moving westward, having be-
gun this motion on June 5th. From July 1st to August 13th
it moves about 8°, going back along a line somewhat south
of its eastward motion in the spring, and at the latter date it
occupies a position among the stars 5° south of its position on
April 18th. From August 13th it moves eastward again,
making about 4° before the end of the month, on a line a
little north of the preceding westward motion. It does not
reach its minimum distance from the Earth until July 13th,
a week after opposition, and throughout July its distance
varies only a little more than two millions of miles. During
August the distance increases by about ten millions, and by
the end of the month the brightness will diminish perceptibly,
but will still exceed that of any of the fixed stars.

Jupiter is still an evening star on July 1st, but sets les:
than an hour after sunset, and it will not be an easv object
for naked-eye observation. It comes to conjunction with the
Sun July 15th, 11 P.M., and becomes a morning star. On
August 1Ist it rises about an hour before sunrise, and on
August 31st nearly three hours before.

Saturn rises at about 11® 30™ P.a. on July 1st, at abowk
ol 30™ r.a. on August Ist, and before 7 30™ p.a1. on August
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31st. It moves about 7° westward and 1° southward in the
constellation Pisces. On July 1st the Earth is below and the
Sun above the plane of the rings, so that we still have the dark
face of the rings toward us. About July 25th the plane of the
rings crosses the Sun, and from then until October Sun and
Earth are on the same side of the plane. The rings are seen
nearly edgewise, the minor axis being in the maximum at the
end of July not more than four per cent of the major in the
apparent ellipse, and this will diminish as the Earth approaches
the plane of the rings.

Uranus is in opposition to the Sun on July 3d, and is then
above the horizon during the entire night. On August 1st it
sets at about 2" 40™ A.M., and at about 12! 40™ A.M. on August
31st. During the two months it moves about 2° westward in
the constellation Sagittarius north of the “milk-dipper.”
Uranus is not far from Mars throughout the two months,
and is in conjunction with it twice,—on July 19th, when Mars
passes 5° 18’ south of it, and again on August 24th, when
Mars passes 4° 37’ south, the motion of Mars being westward
on the first occasion and eastward on the second.

Neptune is in conjunction with the Sun on the morning
of July 5th, and becomes a morning star.




REVIEW.

RESULTATE DES INTERNATIONALEN BREITENDIENSTES. Vol. I
(1903), by Tu. AusrecHT. Vol. II (1906), by TH.
ALBRECHT and B. WanacH. Centralbureau der Interna-
tionalen Erdmessung; neue Folge der Veréffentlichungen,
Nos. 8 und 13.

In the latter part of 1899 six astronomical stations were
established in the northern hemisphere for the purpose of
making systematic observations for the latitude of each station
in order to determine the variations in this quantity. Observa-
tions at the six stations have been carried on continuously since
they were established without serious interruption from any
cause, and are to be continued into the future for an indefinite
period of time. This work is being prosecuted by the Inter-
national Geodetic Association, which has headquarters at
Potsdam, Germany. This association was formed for the pur-
pose of conducting geodetic undertakings which are inter-
national in character. It is supported by the most prominent
nations of the world, including nearly all the governments
of Europe, the United States, the Argentine Republic, and
Japan. The geodetic institutes of the various countries in
which the latitude stations are located co-operate with the
central station in carrying on this particular piece of work,
the three stations in the United States being under the super-
vision of the Coast and Geodetic Survey.

Thus far the International Geodetic Association has pub-
ished two volumes (under the title at the head of this review)
giving the results of the observations for the variation of
latitude. Volume I contains all of the observations made

1 The writer of this review has endeavored to make it both popular and tech-
nical. It is hoped that the general reader may be able to get from it a general
knowledge of the problems presented under the head of the variation of latitude
and the methods by which they are attacked. It is hoped also that the profes-
sional astronomer or the student of astronomy who cares to look into the subject
more carefully may be able to get from it a fair idea of the details of the
processes involved. No attempt has been made by the reviewer to explain in de-
tail the parts which are purely technical and not essential to a general understand-
ing of the problems involved. In a number of places the language of the authors
has been followed quite closely, but in no case is the translation literal enough
to warrant the use of quotation-marks. For some of the opinions expressed, and
for Figure 1, and for the computations under the theory of probabilities, the
authors are in no wise responsible. In order to protect them, some of the state-
ments, with which the reader might not agree, and for which the reveiwer alone
is responsible, arc followed by the letter r in parenthesis.
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from the time the stations were established until January 4,
1902, and Volume II the observations obtained in the interval
from January 5, 1902, to January 4, 1905. A third volume
is in the course of preparation.

The contents of Volume I are presented under eight head-
ings, which are indicated by italics in the following paragraphs.

Introduction.—The phenomenon of the variation of latitude
was first detected in 1889 by Dr. KUSTNER, astronomer in the
Royal Observatory at Berlin. Various observations and inves-
tigations during the first half of the last decade of the nine-
teenth century established the reality and the nature of the
phenomenon, and steps toward a systematic and thorough
attack upon the problems presented were first taken by the
International Geodetic Association in 189gs.

In selecting the stations, social, hygienic, seismological, and
meteorological, as well as mathematical, conditions were con-
sidered, the prime requisite being, of course, that all of the
stations should have a fair proportion of clear nights at all
seasons of the year. Seventeen different combinations of
stations lying between latitudes + 36° 48" and + 44° 50, and
including two combinations in the southern hemisphere on
parallels — 33° 54’ and — 33° 27’, were considered. The
parallel of 4 39° 8” was finally chosen with the stations located
in Japan, in Italy, and in the eastern and western parts of
North America. Two other stations were subsequently added,
one in Central Asia and the other in the central part of North
America, at Cincinnati.

For the four stations first established—Mizusawa, Carloforte,
Gaithersburg, and Ukiah—four new instruments exactly alike
were constructed by WaxscHAFF in Berlin, 108™™ aperture,
130cm focal length, 104 magnification. The instruments at
Tschardjui and Cincinnati, by the same maker, are smaller,
68mm aperture, 87°m focus, and 81™™ aperture, 100°™ focus,
respectively, both having 100 magnifving power.

The Horrebow-Talcott method® of observation was selected
as the best suited for the purpose of determining the latitude.

1 Descriptions of this method may be found in any work on practical or general
astronomy. The following statements concerning the method may be of help to
those who are not familiar with its details. In order to make a determination of
the latitude by this method it is neccssary to measure, by means of an eye-piece
micrometer attached to the zenith-telescope, the differemce of zenith-distance of
two stars of known declination which culminate at nearly equal zenith-distances,
one north of and the other south of the zenith. The telescope is set at the mean
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As two groups are observed each night, it is seen that each
group will be observed both with the preceding and the follow-
ing one, for lengths of time which vary between twenty-five
and forty days. This interval is made to vary simply for the
convenience of the observer, for by this means the observing
time is made to come earlier in the evening during the winter
months than during the summer months. In winter the obser-
vations lie between.7 P.M. and 1 A,M., in summer betwcen
9 p.M. and 3 A.M. The time of beginning is never less than
one and one-half hours after sunset, and the time of ending
never less than one and three-quarter hours before sunrise. As
the heating effects before sunrise are less pronounced than the
cooling effects after sunset, it might perhaps have been wise to
shift the whole programime a little further into the night. (r)

The observatory buildings at the six stations are of similar
construction but differ somewhat in details. The one at Ukiah
is three meters square, built of wood, with tin roof, and sur-
rounded by an open slatwork construction which serves in
some measure to protect the building within from the fierce
rays of the summer sun. The roof is divided in the meridian-
line and mounted upon rollers so that the two halves may be
rolled apart, one to the cast, the other to the west, giving a
maximum opening of 1.8 meters. A small house to protect
the meridian targets is located fifty-five meters north of the
telescope.

Description of the Stations.—Detailed descriptions of the six
stations and their surroundings are given, covering eight pages
of the quarto volume. A few of the chief facts only will be
mentioned here.

The city of Mizusawa (10,000 inhabitants) is situated on the
principal Japanese island (Nippon), 466 kilometers north of
Tokyo. The city lies in a north and south valley 180 kilometers
long and five to fifteen kilometers wide. There are ranges of
mountains to the east and to the west of the valley, the highest
peak having an altitude of 2,200 meters. The valley is given
largely to the cultivation of rice. The observatory is located
about one kilometer south of the city. The number of earth-
quakes at Mizusawa is large, but the Jocality is not affected
by these disturbances as much as some other portions of Japan.
The zenith-telescope at this station was injured during the
transport from Potsdam and the observations obtained with it
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during the first year were subject to rather large errors. There
are two observers at Mizusawa, Dr. H. KimMura and Dr. T.
Nakaxo, who have served continuously since the observatory
was established.

Tschardjui is located east of the southern end of the Caspian
Sea in the Central Asian possessions of the Russian Govern-
ment. The station lies nine and one-half kilometers northwest
of the city and three kilometers from the left bank of the Amu
Daria or river Oxus. The observatory is located on an oasis
in a sand-waste traversed by many canals. There is a greater
range in the annual temperature at this station than at any
of the others. The early observations at Tschardjui did not
show a satisfactory agreement among themselves. This was
found to be due to a poor level and the use of oil illumination.
Electric illumination was substituted and the level discarded.
It might not be out of place to remark, parenthetically, that
it is now generally admitted that the heat from oil-lamps may
have a very injurious effect upon observations in which a high
degree of precision is expected. Since a satisfactory electric
illumination for intermittent work may be obtained by the use
of any good make of ordinary dry cells, there seems to be no
longer any excuse for using oil illumination for work with a
zenith-telescope or altazimuth. (r)

Tschardjui is affected by very few earthquakes. The obser-
vations at this station are made by a single observer. Several
have thus far taken part, and they have all been officers of the
Russian army.

The Ttalian station has a very picturesque location on an old
tower, San Vittorio, on the island of San Pietro, one kilometer
southwest of the city of Carloforte. The tower is located on a
peninsula on the east side of the island, so that the meridian
of the observatory lies entirely over the Mediterranean Sea,
with the exception of 260 meters to the north and 220 meters
to the south, and anomalies in the refraction would seem to be
absolutely excluded. The island is free from mountains, the
highest point being 211 meters above sea-level. The altitude
of the observatory is twenty-two meters. Carloforte has 8,000
inhabitants and can be reached from Cagliari, the chief city
of Sardinia, in eight hours. The island is free from earth-
quakes, there having been only four in nearly four hundred
vears of any considerable intensity, and none of these destruc-
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remains unchanged during the progress of the observations, an
hour, more or less, or that any changes in this angle are truth-
fully indicated by the readings of the latitude levels. ~ Levels
at their best are untrustworthy instruments, and in this case,
since it is necessary for the observer to stand during the whole
progress of the observations near the south end of the level
tubes, it is easily conceivable that the heat from the observer’s
body may so affect the levels that a change in the reading of
the bubbles may take place without any corresponding change
in the pointing of the telescope, or vice versa. (r)

The value of one revolution of the micrometer-screw de-
pends of course upon the temperature at which the determi-
nation is made. The range in temperatures at Carloforte and
Ukiah is not sufficient to enable a good determination of the
temperature coefficient to be made, and the observed values
at the other stations depart rather widely from the theoretical
values computed from the coefficients of expansion of brass
and steel and the known values of one revolution of the screws.
These differences are to be explained through the statement
that the temperature coefficient evidently depends upon factors
other than those just stated.

All of the screws were investigated for both progressive and
periodic errors, either by observation of polar stars at elonga-
tion or by the use of auxiliary apparatus. Periodic errors of
a sensible magnitude were found only for the instruments
at Tschardjui and Carloforte. The screw of the Cincinnati
telescope was found to be practically free from both progres-
sive and periodic errors. The progressive errors of the screws
at Carloforte and Gaithersburg were found to be considerably
larger than the values obtained at Potsdam in tests applied
before the instruments were shipped. The only explanation
scems to be that the screws were damaged in some way during
transportation.

The values of the spaces of the latitude levels were deter-
mined by micrometric settings upon the mire or by the use
of a level-trier. At Ukiah a new method of observing stars
of nearly the same declination was tried by Dr. SCHLESINGER
with good success. This method has certain decided advan-
tages and the details of it have already been explained in these
Publications (Vol. XIII, p. 13). The effect of temperature
and barometric pressure on the levels was not investigated.
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Instrumental Errors—Before making observations for lati-
tude with a zenith-telescope it is necessary to so adjust the
instrument that any instrumental errors which may remain shall
be so small that they will not have an appreciable effect upon
the accuracy of the results to be obtained. In order to attain
this end the vertical axis must be made truly vertical, or very
nearly so, the horizontal axis truly horizontal and in the plane
of the prime vertical and the collimation zero, or rather of the
same magnitude as the flexure of the horizontal axis, in order
that the one may counteract the other, or that the collimation
minus the flexure may be nearly zero. The position of the axes
may be tested by means of the levels attached to the instru-
ment and by the mire. The collimation, flexure, and position
of the meridian targets can be tested only by observations of
the stars for time. Since the telescope in this type of instru-
ment is attached to one end of the horizontal axis and a
counterpoise of equal weight at the other end, the flexure of
the horizontal axis is large, about two seconds of time, and
a time determination with this instrument involves a laborious
process unless the flexure be assumed as a known quantity.

Volumes I and II give the daily values of the instrumental
errors for each station.

Atmospheric Conditions—Observations of the inside and
the outside temperature and of the barometric pressure are
made hourly during the progress of observations. The only
use to be made of these would be in the investigation of pos-
sible cases of abnormal refraction. It is the difference of the
refraction of the two stars of a pair which enters into the
computation of the latitude, and under normal conditions this
may be computed for stars at small zenith-distances by means
of a formula based upon a mean value of the temperature and
the barometric pressure.

In addition to the individual temperature and barometric
readings there is given a tabulation showing the mean tem-
perature for each group connection at each station. The great-
est range, 35°.6 centigrade, is at Tschardjui, the least at
Carloforte and Ukiah, 13°.7 and 14°.8 respectively. The range
in group-connection means is, trom —8° to 4 21° at Mizu-
sawa, from —9° to + 26° at Tschardjui, from 4 10° to
+ 23° at Carloforte, from — 5° to 4 23° at Gaithersburg,
from — 4° to + 24° at Cincinnati, from + 4° to 4+ 19° at
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Ukiah. At the last-named place, although the midday tem-
perature often reaches 40° (104° FFahrenheit), and at times has
reached as high as 45° (113° Fahrenheit), yet the temper-
ature decreases rapidly immediately after sundown, and such
a thing as a hot night is practically unknown.

Results of Observations—The individual values of the lat-
itude from each pair observed, computed by means of the
equation already given, are found in tabular form in this sec-
tion. The total number of determinations made during the
period covered by the first volume is 27,387. The percentage
of nights upon which observations were obtained at the vari-
ous stations is as follows:—

Mizusawa ................. 48 per cent.
Tschardjui ................. 33
Carloforte ................. 70 ¢
Gaithersburg ............... 48 ¢
. Cincinnati ................. 4 -
CUkiah ..................... 47 “

' Average ............... " 47 per cent.

The conditions at Carloforte, in the Mediterranean Sea, must
be almost ideal from an astronomical standpoint, still the above
tabulation cannot be taken as a true index of the weather at
the stations. At Carloforte and at Mizusawa two observers
are constantly employed, and probably nearly every favorable
night is utilized. At the other stations, where all of the obser-
vations are made by a single observer, many favorable nights
must of necessity be allowed to pass. At Ukiah, for instance,
the percentage could be increased by at least ten, perhaps fif-
teen, if two observers were employed. In considering the above
table the further fact should be taken into consideration that
Professor I’orTER, who makes the observations at Cincinnati,
has many other duties in connection with his position as director
of the Cincinnati Observatory and professor of astronomy in
the University of Cincinnati. With him observing for latitude
is an avocation and not a vocation. We should also consider
the still -further fact that at some stations,—for instance,
Mizusawa,—many nights are rendered incomplete by fog or
clouds, and a night upon which only one pair is obtained enters
into the above tabulation with the same weight as a complete
night of sixteen pairs. During the 750 days since observations
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were begun at the last station to start, Mizusawa, there were
only five upon which observations were obtained at all six
stations.

Determination of the Definitive Latitudes.—The first inves-
tigation undertaken under this heading was to determine
whether or not there was a systematic difference between
observations taken east-west and those taken west-east. None
of significance was found except at Mizusawa, in November
and December, 1900. Only the seventy-two latitude pairs
were used in the definitive determination of the latitude.

The next step was to determine corrections to the declina-
tions of the stars from the observations themselves. There
are two steps in this process,—first, to determine the reduc-
tions to be applied to the results of each pair in order to reduce
them to a mean declination system of the group; second, the
determination of the reductions necessary to bring the groups
to a common basis. The first step was accomplished by taking
the mean of the results from the six zenith pairs on each
night that the complete group was observed, and then sub-
tracting the individual results, including those for the two
refraction pairs, from this mean. The results for each pair at
each station were then collected and the grand means taken
as the corrections to ¥4 (8, + 8,) for each pair.

The total mean error of the results will be made up of the
accidental errors of observation and the systematic station
errors, which last are either instrumental or personal, or per-
haps of an external nature, such as anomalous refraction. The
numerical value of the first of these, the accidental error of
observation, may, on account of the richness of the observa-
tional material, be computed from the individual observations
of a pair, thus eliminating all consideration of the errors of
declination. The mean error for a single observation of a
pair is about =+ 0”.15. The total mean error of the station
mean for a single pair is = 0”.067 for the latitude pairs, and
=+ 0.”090 for the refraction pairs. These values are greater
than those to be obtained from the accidental errors alone,
showing that there are in fact systematic station errors. It
is not possible as yet to state what these are due to, but an
examination of the ten pairs having the largest differences of
zenith-distance seems to show that they may lie in errors
in the assumed values of the micrometer-screws.
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The corrections to the group means were applied to the
mean group latitudes and the results assembled on pages
121-125. From these, differences between the group results for
each group connection were obtained for each station and the
results collected. After the weighted means for the six sta-
tions had been taken, it was found that their algebraic sum
differed appreciably from zero. One explanation of this, and
perhaps the most probable, is that the value of the constant
of aberration used in the star-place reductions was in error.
It was found that a correction to the aberration of + 0”.042
would cause the “Schlussfehler’—closing error—to disappear.
This would change the adopted constant of aberration from
20”.470 to 20”.512, a change which is confirmed by other in-
vestigations entirely separate from this. It might be stated
here that the computations given in volume II cast some doubt
upon the reality of this correction.

From the group differences the corrections to each group
were formed which are necessary to reduce the twelve groups
to a common declination system based on the declinations of
the seventy-two latitude pairs. From these reductions to a
mean system and the reductions to the group means the final
corrections to the declinations of each pair were formed and
collected into a table (page 129). These corrections were
then applied to the daily means at each station, and these then
formed into the group combination means, the latitude pairs
and the refraction pairs being treated separately.

Dctermination of the Path of the Pole—The path of the pole
was determined from the normal values of the latitude for
cach group connection. The first step in this process was to
determine the mean value of the latitude for each station, and
this was done by a method of successive approximations. The
differences between the mean values and the individual mean
group connection values were then formed and plotted with
time as the x co-ordinate. A mean curve was drawn for each
station and then the values of ¢ — ¢, (¢, being the mean
latitude of the station) were read from it for each tenth of
a year, thus eliminating in a large measure the errors of
observation.

It was first assumed that the motion of the pole could be
represented by an equation of the form,

A¢p=uxcosA+ ysina,
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in which A ¢ = ¢ — ¢,, A the longitude of the place of observa-
tion west of Greenwich, x and ¥ the rectangular co-ordinates of
the instantaneous pole in a system the origin of which is
located at the position of the mean pole, the 1 axis of which
points toward Greenwich, and the y axis toward a point in
90° west longitude. The above equation may be derived easily
from the following figure.

Y

P
| Tty

N B
t P &
v A .
ol = -

Fic. 1.

Let O B be the direction toward any observatory in west
longitude A, P the instantaneous position of the pole, and P’
the foot of the perpendicular dropped from P upon O B. Then
we have,

OP' =A¢=uxsecA+ (y—~xtand) sin],

=xcosA - ysinA.

Early investigations showed that the observations were not
satisfied very well by this equation, and Dr. KiMURA suggested
the introduction of a third unknown independent of the longi-
tude, thus, Ap=2xcosA+ ysinA+ z

Least-square solutions under both assumptions were made, the
one involving the solution of six equations for two unknowns
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at each tenth of a year, the other the solution of six equations
for three unknowns at each tenth of a year. The sum of the
weighted squares of the residuals is so measurably better under
the second assumption that there seems to be no doubt about
the existence of the term 2. The largest residuals were found
in the case of Gaithersburg, and they were so much larger
than the others that the case seemed to demand special inves-
tigation. The period under discussion involved a change of
observers at Gaithersburg, SMITH leaving at the close of 1900.
The two observers, however, did not observe together long
enough to determine their personal equation. It was found
that the large residuals at Gaithersburg could be greatly re-
duced by assuming a personal equation of a tenth of a second,—
namely, ¢ Davis — ¢ Smith — + 0”.10. Upon the introduc-
tion of corrections based upon this assumption the residuals
for Gaithersburg, and also for Cincinnati, were reduced to
the same order of magnitude as those of the other stations.
The difference between the results obtained by two observers
lies perhaps not so much in the bisections of the stars as in
the general handling of the instrument, especially, in the opin-
ion of the reviewer, in the manipulation of the levels.

The final values of x and y give the motion of the pole as
represented in the first part of the curve of Figure II, reprinted
from these Publications,! and showing also the motion of the
pole as obtained from subsequent observations up to the
beginning of 1906,

It is not possible to decide from the data at hand whether
or not the values of z derived for these stations hold also
for other latitudes. The question can be most easily decided
by establishing latitude stations in the southern hemisphere,
and this has now been done. Three explanations are offered
by Dr. ALBRECHT in regard to the term s—anomalous refrac-
tion, a north and south oscillation of the center of gravity of
the Earth, the effect of the neglected annual parallax of the
fixed stars. The values of = for the six different stations were
found to be practically the same, so that the hypothesis of
anomalous refraction scems to be excluded.

I"olume I1.—The second volume contains the presentation
of all the observations made between 1902, January sth, and
1905, January 4th. The treatment in this volume is in all

1Vol. XVIIL, No. 111, p. 315.
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respects similar to that given in Volume I, except that the
section on the description of the observatories is omitted and
a section is added at the end under the heading, “Derivation
and Discussion of the Results of the Refraction Pairs.” It
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is intended to call attention here only to those points at which
something new is brought out in the second volume.
Additional observations were made at all of the stations for
values of one revolution of the micrometer-screws, and an at-
tempt was made to determine the temperature coefficients. As
before stated, these were determined at all of the stations
except Carloforte and Ukiah, where the range of temperatures
is not sufficiently great to enable a good determination to be
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made. Since all of the instruments were made by one maker,
after the same pattern, differing only in size, it was decided
to assume that the temperature coefficient was the same for
all. From the ohservations for the four instruments for which
determinations have been made, the weighted mean tempera-
ture coefficient, the change per degree centigrade per second
of arc of the micrometer-screw, was found to be — 0.0000259,
and the resulting values for the six screws are then easily
found. Before the final results for Volume II were worked
out, corrections to the observed values of one revolution of the
micrometer-screws were determined from the latitude obser-
vations themselves. These corrections lie between — 0.0009,
for Gaithersburg, and —o.0251, for Tschardjui.

The total number of observations obtained during the period
under consideration in the second volume is 36,173. The
percentage of nights upon which observations were made is
46.5, almost exactly the same as during the period covered
by Volume I. There was an increase in the percentage at four
of the stations and a decrease at Gaithersburg and Cincinnati.
The percentage at Carloforte increased from 70 to 73.

During the interval under consideration, 1,006 days, there
were only fourteen evenings on which observations were ob-
tained at all six stations, and on three of these only one pair
was obtained at some stations. There was not a single evening
on which a complete programme was obtained at all six sta-
tions, and by looking back into Volume I it is found that
there has not been a single night, from the time the last
station started, 1899, December 16th, to 1gos5, January 4th,
1.846 nights, upon which a complete programme was obtained
at all six stations.

This seems a little strange at first thought, but a simple
computation according to the principles of probability will
show that we are here dealing with a very rare event. Let
us ask, first, What is the probability of obtaining at least some
observations at each station on the same night? If we assume
that observations arc made on the average on fifty per cent
of the nights, then the probability of obtaining observations
at any one station on any particular night will be one half,
and manifestly the probability of obtaining observations at
two stations on the same night will be 14 X 14, or 4, and the
probability of obtaining observations at three stations on the
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same night 15 X 14 X 14, and the probability of obtaining
observations at six stations (15)%® =1/,,. Observations would
therefore be made at all six stations on the same night on an
average of once in every sixty-four nights. Qur assumption,
however, that observations are made upon fifty per cent of the
nights is somewhat in error, the true percentage being almost
exactly 46.5. The probability of this event occurring would
be therefore (%%%/,,,,)® which equals !/,,, This event would
occur on an average therefore of once in every ninety-nine
days. or nineteen times during the 1,846 days under considera-
tion.! This result is in exact agreement with the observed
.number : there were five such events during the period cov-
ered by Volume I and fourteen during the period covered by
Volume II. (r)
Let us now ask, What is the probability of obtaining a com-

" plete night’s. work at all six stations on any particular night?

The ratio between the number of complete nights and the total
of nights observed is not given in the volumes, but it is proba-
bly not far from one half. At Ukiah about sixty per cent of
the nights upon which observations are made are complete, but
the percentage is known to be less at some of the other
stations. If now we assume that observations are made upon
fifty per cent of the nights, and fifty per cent of these are
complete, then the same kind of reasoning that was used before
will bring us to the conclusion that the probability of the
occurrence of the event under consideration is ('/,,)* = '/,000-
That is to say, a complete night’s work will be obtained at all
six stations on an average, in round numbers, of once in every
4.000 nights, or once in about eleven years, so that it is not at
all surprising that this rare event did not occur at all during
the first five years of observations. (r)

The mean errors of a single determination of the latitude
are practically identical for all stations except Carloforte,
which seems to show that as accurate observations can be made
with the small instruments at Tschardjui and Cincinnati as with
the larger ones. The observations made at Carloforte stand
in a class by themselves, as far as accidental errors go. these
being distinctly less than at the other stations, probably largely

! The exact method of computing this probability is, of course, to take the
product of the six separate probabilities rather than the sixth power of the average
probability. The result comes out sixtecn, rather than nineteen.
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due to the favorable meteorological conditions. An examina-
tion of the curves represented in Figure 3 shows, however,
that notwithstanding the small accidental errors and the large
number of observations obtained at Carloforte the final results
for this station are not as accurate as for some of the other
stations,—Mizusawa, for example,—where the taking of ob-

Verlauf der Folhdhe auf den einzelnen Stationen .

s Fic. 111.
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servations is often badly interfered with on account of clouds
or fog. Nearly twice as many observations are obtained at
Carloforte as at Mizusawa, and this is a good illustration of
the precept that little or nothing is to be gained by increasing
beyond a certain moderate amount the number of observa-
tions made with the same instrument under similar circum-
stances. Perhaps just as good results could be obtained by
limiting the number of observations at each station to 1,200
or 1,500 a year. (r)

In explanation of Figure III it should be stated that the
small circles represent the average observed latitude for cer-
tain intervals, the small numbers adjacent to the circles indi-
cating the number of observations entering into the average.
After the results were all combined and the most probable
values of v, y, and =z were obtained from the least-square
solutions, as already explained, the values of x+ and y were
computed for each station at certain times and the results
plotted on the same figure with the observed curves, produc-
ing the smooth curves of Figure III. The amounts by which
the circles depart from the smooth curves, the residuals, are
probably very close to the true errors of observation, and
that station in which these residuals are the smallest has, of
course, procured the best results.

The “closing errors” vary so much more in the different
years for the same station than should be expected from the
accidental errors, that it seems necessary to conclude that
these differences cannot be all laid up to an erroneous value
of the aberration constant. It would be necessary to assume
the constant of aberration equal to 20”.541 in order to com-
pletely explain away the closing errors. The differences
are perhaps due to meteorological causes,—a very handy
explanation.

The quantities 2, as derived in the second volume, show a
tendency toward a change in a positive direction, which pre-
sumably is due to uncertainties concerning the knowledge of
the proper motions of the stars observed. An average change
of 4 0”.016 a year in the proper motions would cause the
positive tendency in £ to disappear. The evidence seems to
show that we have in this quantity = a term of constant ampli-
tude and a period of a year. The observations thus far,
however, give no indication of the cause of this term.
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Volume IT is concluded with a discussion of the results
obtained from the observations of pairs at large zenith-dis-
tances, the so-called refraction pairs. Several hypotheses
concerning abnormal refractions were made, but no very defi-
nite conclusions concerning them could be drawn from the
data at hand. Without taking up the details it is perhaps
sufficient to state the general conclusion reached by the authors,
and that is, that observations at 60° zenith-distance provide no
evidence whatever from which conclusions can be drawn re-
garding refractive perturbations at small zenith-distances.
The observation of refraction pairs was therefore discontinued

at the beginning of 1gof. Sipxey D. Tow NLEY
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Egyptian plates by Professor Hussey, with the assistance of
the late Professor RoBert H. WEsT and Mr. H. T. R. Dray.
Totality occurred seventy minutes later in Egypt than in
Spain. .

We have made careful comparison of the coronal images
obtained at the *wo stations. A number of fairly well-defined
nuclei existed both east and west of the Sun. Details of
structure within the nuclei appeared to change, but the nuclei
as a whole seemed to remain in the same positions. Meas-
ures of great accuracy cannot be made, principally because the
poorer seeing in Egypt affected the definition ; but we are able
to say that the masses in question could not have moved so
much as one mile per second during the interval of 4,200
seconds. Greater speeds might well have occurred within the
principal coronal streamers, or within some of the arched
forms which inclose prominences, without our having detected
them; for their structure is quite uniform, and well-defined
nuclei are absent. Thus, in the structures where higher speeds
should perhaps be most naturally expected, photographic
methods have little chance to detect them. However, it is not
improbable that at some future eclipse well-defined nuclei in
coronal streamers will exist and be recorded at two or more
stations.

Our result is in harmony with ARRHENIUS'S view of coronal
origin: “It is very probable that those drops for which gravi-
tation is just compensated by the pressure of radiation will be
the chief material of the inner corona. For drops of other
sizes are selected out, the heavier ones by falling back to the
Sun, the lighter ones by being driven away by the pressure
of radiation, so that the drops which, so to say, swim under
the cqual influence of gravitation and pressure of radiation
will accumulate in the corona.”

Assuming that motions of appreciable size exist within the
corona, it should be said that the spectrographic method of
determining them is unpromising, for several reasons. The
exposures are from necessity short, and the coronal light is
intrinsically weak. The brighter parts of the corona radiate
light forming a continuous spectrum, neglecting the almost
insignificant component which gives rise to bright lines, and
the relatively small quantity of reflected photospheric light.

1 ARRHENIUS, Lick Obscrvatory Bulletin, Vol. 11, 190, 1904.
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Spectrograms of the middle and outer corona, obtained with a
relatively wide slit and low dispersion, record the Fraunhofer
lines but faintly. A spectrogram of good strength would
probably be difficult and uncertain in interpretation, as the slit
of the spectrograph would receive light from streamers which
radiate in a variety of directions from the Sun. Recalling that
a reflecting particle moving directly from the Sun toward the
observer will not displace the spectrum lines at all; that a
reflecting particle moving directly away from, or directly
toward, both Sun and observer, will give double displacement
of the lines toward the red or toward the violet, respectively;
and that the coronal light falling upon the slit is from particles
possessing a great variety of motions between these limits;
the complexity of the result is evident.

All the spectrographic measures of motion within the shal-
low gaseous stratum giving the bright lines are likewise in
accord with ARRHENIUS’S theory. W. W. CAMPBELL,

March, 1907. C. D. PERRINE.

NotE oN A DisTURBED REGION IN THE CORONA OF AUGUST 30,
19035.!

The large-scale photographs of the corona of August 30,
1905, secured by the Crocker expeditions to Spain and Egypt,
show an extensive region in the southeast quadrant composed
of prominent streamers which appear to radiate from a com-
mon point. The space-form of this region seems to be
approximately conical. The apex of the cone, projected upon
the photographic plate, is some distance within the Sun’s limb.
The apex no doubt is in or near the photosphere, and the
apparent axis of the cone is directed radially out from the
Sun’s edge. This conical volume is similar to but not so
prominent as that recorded in the corona of May 18, 1901:

The chromospheric layer in the region crossed by these
projected streamers is not very deep, nor does it show special
activity. The streamers probably originate far from the limb;
but whether on the nearer or further hemisphere of the Sun
is uncertain. The estimated points of intersection of the
streamers (produced) were marked on the glass side of the
Spanish negatives, Nos. 2 and 7, which were exposed at about
8 and 3™ 16% respectively, after the beginning of totality.

1 From Lick Observatory Bulletin, No. 115.
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The positions of these points were measured independently by
the writers, as follows:

fml:n“;;?:n‘a: f::m. Tl::::‘c: ll':nollan Observer.
Negative No. 2 1311%° 3’24 W. W.C.
Negative No. 7 133%% 3.24 w.w.C.
Negative No. 2 132 2.97 C.D.P.
Negative No. 7 13215 3.11 C.D.P.

Referring these positions to the center of the Sun we
have :—
Co-ordinates of Apex of Disturbed Area.

Position angle Distance from
from Sun's center, Sun’s center. Observer.
Negative No. 2 134° 12°.78 W, W.C.
Negative No. 7 131%% 13.68 W, W.C.
Negative No. 2 134 12 .51 C.D.P.
Negative No. 7 131 13.98 C.D.P.

An examination of the photographs of the Sun taken at
Mt. Hamilton on this date shows a spot of medium size, sur-
rounded by facule, in the southeast quadrant, near the Sun's
limb. The following position was determined from the nega-
tive exposed at 4" 49™ G. M. T.. August 3oth, or 3t 34™ after
the coronal photographs were made in Spain.

Position angle of spot............. 140°
Distance from Sun’s center........ 12’.67

The series of photographs of the Sun taken at Mt. Hamilton
for study in connection with eclipse problems extends from
August 23d to September 11, 1905, inclusive. During this
interval there was no other spot in the southern hemisphere.

The lack of agreement in position of the apex of the dis-
turbed region and the sun-spot at the time of the eclipse,
caken in connection with the low velocities already found for
coronal matter, suggests that an eruption (due to volcanic,
radiation-pressure, or other forces) took place at a considerable
time previous to the cclipse. It becomes, therefore, of interest
to ascertain the position of this spot group when it was on the
opposite side of the Sun at about the same distance from the
limb as the apex of the disturbance, and also its similar posi-
tions an entire revolution before the eclipse. The position-
angles of the spot when at 2°.6 from the Sun’s eastern limb
have been determined as follows :—
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19o5. July 28 122° Farther side of Sun.
Aug. 3 13214 Nearer side of Sun.
Aug. 24 120% Farther side of Sun.
Aug. 30 140 Nearer side of Sun.

It is a question whether such disturbances of coronal matter
have their origin in sun-spots or in the facula surrounding the
spots. It would be interesting to know the times of greatest
activity of the spot group in question, but the history of its
development is not known to us. The most probable date of
the disturbance was August 3d, when the sun-spot was on the
nearer side of the Sun. On that date the spot had the same
position as the apex. On August 24th, with the spot on the
farther side of the Sun, the position-angles of the spot and
apex differed 3°.

The form of structure within the disturbed region may be
divided roughly into two classes: long, slightly curved stream-
ers, and flocculent masses. The streamers contain no con-
densations or other details of structure capable of accurate
measurement, as a basis for determining the velocities of the
matter composing them. If the forms of the streamers are
functions of the velocities within them, as considered by Pro-
fessor SCHAERERLE, the speed in question would be as great as
several hundred miles per second.

A determination of the velocities of some of the flocculent
masses near the limb, on the assumption that August 3d was
the date of their ejectment, gives a value of 700 feet per
second as the minimum radial speed. The masses farther from
the limb would require velocities perhaps five times as great
in order to carry them to their positions at the time of the
eclipse. These results are in accordance with the conclusions
based on velocity determinations during the interval of seventy
minutes between the occurrence of the eclipse in Spain and
Egypt. This determination showed that the velocity of the
flocculent masses could not have been over one mile per second.
W. W. CaMPBELL,

April, 1907.
C. D. PERRINE.

RESULTS OF THE SEARCH FOR AN INTRAMERCURIAL PLANET
AT THE ToTaL Sorar EcLIPSE OF AUGUST 30, 1903.

Owing to the existence of thin clouds during the eclipse of
19o1 in Sumatra, the search for an intramercurial planet was

1 Abstract from L. O. Bulictin, No. 115.
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not as complete as desired. It was made practically certain
that there was no body as bright as the 5th magnitude in the
region where such a planet would probably be, if one existed.!

The eclipse of August 30, 1905, offered unusual advantages
for continuing the search. It was possible to occupy three
widely separated stations; the eclipse came at a season of the
year when the chances. for clear weather were excellent at two
of these stations, and the duration was longer than the average.

The value of observations at two or three stations, in case
a planet should be found, would be very great, for they would
enable some idea of the orbit to be obtained. With an obser-
vation at only one epoch, nothing of the orbit could be learned,
and subsequent re-observation would be very difficult. In any
case, the determination of the orbit of such a body, from
the infrequent observations that could be secured at eclipses,
would present unusual difficulties.

It was therefore planned that each of the three expeditions,
despatched through the generosity of Mr. Wum. H. CROCKER,
should be equipped with four photographic telescopes designed
for efficiency in this problem.

With a few minor exceptions, the plans for securing the
necessary photographs at each of the three stations were sim-
ilar to those of 1901, which are fully detailed in L. O. Bulletin,
No. 24. The only exceptions of importance were the restric-
tion of the field to be searched, and the taking of the duplicate
exposures at different times. The fields covered were 29° X 9°
in the Spanish cameras, and 25° X 8%4° in the Labrador and
Egypt cameras, the longer axis being parallel to the Sun’s
equator, as in 19o1. The Sun was in the center of these
regions.

The programme was carried out as planned at Alhama,
Spain, and at Aswan, Egypt, although at the Spanish station
there were thin clouds during all of totality. The four cam-
eras at Cartwright, Labrador, had been made ready by Dr.
CurTis, but unfortunately the sky was densely clouded, and
no observations were possible.

A hasty examination of some of the Spanish plates, at the
station, revealed so few star images that the work was dis-
continued until the return of the expedition to Mt. Hamilton.

A careful examination revealed the images of thirty-six stars

1L, O. Bulletin, Vol. 1, 183, 1902,
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on the Spanish plates and nineteen stars on the Egypt plates.
The fewer stars on the Egypt plates is explained by adverse
conditions which overbalanced the effect of the thin clouds at
the Spanish station.

All of the objects found were identified as known stars. The
average faintest visual magnitude of the stars shown is 8.0.
Assuming that the average planetary body would be one mag-
nitude fainter photographically than the faintest stars on the
plates, then any planet of 7.0 visual magnitude should have
been recorded on our photographs. This conclusion is somewhat
more far-reaching than could be drawn from the 1901 eclipse
results and tends to confirm the belief that some other explana-
tion must be sought for the peculiarities in the motions of
Mercury.

The recent investigations of SEELIGER on the effect of the
matter concerned in the zodiacal light upon- the inner planets
seem to show that the observed outstanding perturbations in
the motions of Venus and Mars, as well as those of Mercury,
can be sufficiently accounted for upon a reasonable assumption
of the distribution of such matter about the Sun. Should this
explanation be confirmed, the only further need to continue
the intramercurial search will be for the purpose of determin-
ing whether there are any asteroidal bodies in that region. A
considerable number of such bodies might exist without their
combined mass being sufficient to produce appreciable disturb-
ances in the motions of the planets. " C.D.P

. D. PERRINE.

Note oN CoMET b 1907 (MELLISH).

A telegram announcing the discovery of a new comet by
Mr. MEeLLisH, at Madison, Wisconsin, was received here on
the afternoon of April 15, 1907. Observations were secured
by the writer with the 12-inch telescope on the nights of April
15th, 16th, 17th, and 2gth, and with the 36-inch on April 3oth
and May 7th. On the first three nights the comet was visible
in the 3-inch finder, though faint on the third night on account
of increasing moonlight. It was, however, a difficult object
to measure because of its diffuseness and irregularity of out-
line. Examination with the 36-inch telescope on April 16th
showed a broad fan-shaped tail in the south-preceding quad-
rant that could be traced about 6’ from the coma, which
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appeared to be roughly circular and less than 2’ in diameter.
There was no well-defined condensation.

By May 7th the comet was too faint to measure with the
12-inch telescope. A rough comparison with the ephemeris in
A. N. 4172 gives the residuals (O-C) for May 7th, 4 18

and 1’.5.
+1s R. G. AITKEN.
May 24, 1907.

VisuaL OesErvatioNs oF CoMET 19035 IV,

A note in No. 113 of these Publications (p. 88) calls atten-
tion to the reobservation, photographically, on March 21,
1907, of this comet, which was originally discovered by Koprr
in March, 190o6. Unfavorable weather conditions prevented
my looking for the comet with the 36-inch refractor until the
night of April 20, 1907, when it was readily seen. Though it
was hardly as bright as a 14th-magnitude star, it was not a
very difficult object to measure, because it had a well-defined
nucleus of about 15V or 16th magnitude.

A second observation was secured on May 4, 1907, and a
comparison of the two with WEISSE's ephemeris in .. N. 4166
shows that the observed motion is slightly more rapid than the

predicted. R. G. AITKEN
May 24. 1907. o -

Note ox CoyMET a 1907 ((GIACOBINT).

From four observations ( March gth, by GricoriNi, at Nice;
March 13th, April 3d. by Farir, at Mt. Hamilton: April gth,
by AITKEN, at Mt. Hamilton) a second orbit of Comet a 1907
has been computed under the direction of Professor CRAWFORD.
The fourth observation was introduced into the computation
by the formation of a fictitious third position based on the two
April observations.

The four observations are satisfactorily represented by a
parabola. The inclination of the plane of the orbit to that
of the ccliptic is 141° 39”; the longitude of the ascending
node is 97° 39’; the longitude of perihelion is 54° 21”°. The
perihelion distance is 2.05 astronomical units, and the time of
perihelion passage is March 10, 1907. The elements and an
cphemeris extending to the end of May are published in Lick
Observatory Bulletin, No. 113. The comet is moving away
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from both the Sun and the Earth, and it is following the
ephemeris very closely. SturRLA EINARSON,

BERKELEY ASTRONOMICAL DEIPARTMENT, A. EsteLLE GLaNcY,
May 19, 1907. ALICE Jov.,

Note ox CoMET ¢ 1907 (GIACOBINT).

A preliminary orbit of Comet ¢ 1go7 has just been com-
pleted as this number of the Publications is going to press.
The three observations used were made June 1st, 3d, and 4th,
by GracoBint at Nice, HAMMoND at Washington, and AITKEN
at Mt. Hamilton, respectively. The elements and an ephemeris
are given in Lick Observatory Bulletin, No. 116. The obser-
vations are represented by a parabola. The inclination of the
orbit plane to the ecliptic is 16° ; the longitude of the ascending
node is 161°. It was nearest to the Sun on May 27th, at
whicl time it was 117,000,000 miles distant. The comet is
faint and is receding from both the Earth and the Sun. At
present it is east of the sickle in Leo. It is traveling toward
B Leonis, and on June 21st will be about 5° due north of it.

BERKELEY ASTRONOMICAL DEPARTMENT, SturLA EINARSON,
June s, 1907. EsTELLE GLANCY.

PLaNs ror OBsSeERvING THE ToTtaL EcCLIPSE OF JANUARY, 1908,

Arrangements have been completed to dispatch an expedition
from the Lick Observatory to observe the total solar eclipse
of January 3, 1908. The Moon's shadow will cross the central
Pacific Ocean from west to east, and pass over only two known
islands. One of these is Flint Island, in longitude 151° 48" \WV.
and latitude 11° 26’ S.,—that is, about 390 miles northwest of
the island of Tahiti.

The eclipse will occur at 11:18, local mean time, with the
Sun at zenith-distance 15°. The duration given by the Ameri-
can Ephemeris will be 4™ 6.

. The generosity of Mr. WiLLiam H. Crocker has made pos-
sible the sending of the expedition.

The expedition will sail from San Francisco on November
22d for Tahiti. The problem of transportation from Tahiti
to Flint Island and return was a difficult one, but the interest
of the Navy Department of the United States Government was
enlisted, and the U. S. gunboat “Annapolis” has been detailed
to meet the expedition at Tahiti, transport it to Flint Island,



168 Publications of the Astronomical Soctety, &e.

re-embark the expedition after the éclipse, and return it to
Tahiti. The “Annapolis” is stationed regularly at Pago-Pago,
island of Tutuila, and will be in personal command of his
Excellency, Governor MooRrE, of Tutuila, while on eclipse duty.

A later statement will describe the personnel and scientific
plans of the expedition.

It seemed to me very important that the scientific programme
should include a bolometric survey of the solar corona, similar
to that inaugurated by Professor ABBoT at the eclipse of 1900.
There is certainly no one more competent to undertake this
survey than Mr. ABBoT himself. Accordingly, I brought the
subject and the arrangements outlined above to the attention
of Secretary Walcott of the Smithsonian Institution and Di-
rector ABBOTT of the Astrophysical Observatory of the Insti-
tution, and they have been so good as to plan for an expedition
to secure the bolometric observations. The two expeditions are
essentially independent, scientifically, but are united in travel-
ing and subsistence arrangements. W. W. CAMPBELL.

CHANGES IN THE LicKk OBSERVATORY STAFF.

Mr. James D. MappriLr, Fellow in the Lick Observatory
during the past four years, received the degree of Doctor of
Philosophy from the University of California in May, 1907.
His thesis relates to a photometric and spectrographic study
of a number of well-known variable stars of the 8§ Cephes type.
An abstract of the thesis will be found in a later number of
these Publications. Dr. MADDRILL has been appointed astron-
omer in charge of the International Latitude Observatory at
Ukiah, California, in succession to Dr. S. D. TowNLEY.

Mr. J. C. Duncan, former Fellow in the Lowell Observa-
tory, and at present Instructor in Mechanics and Astronomy
in the University of Indiana, has been appointed Fellow in
the Lick Observatory for the year 1907-108.

W. W. CAMPBELL.

APPLICATIONS.

Applications are desired for the position of Assistant in the
Lick Observatory, and for the position of Fellow in the Lick
Observatory. For particulars, address The Director.

W. W. CaAMPBELL.



GENERAL NOTES.

Mutual Occultations and Eclipses of the Satellites of Jupiter
in 1908.—At the meeting of the Royal Academy of Sciences
of Amsterdam on October 27, 1906, Professor J. A. C.
OubpeEMANs presented a paper on “The Mutual Occultations
and Eclipses of the Satellites of Jupiter in 1908.” A short
account of the paper may be of general interest, as the phenom-
ena can be observed by any one possessing a telescope.

The orbits of the four larger satellites of Jupiter lie in
approximately the same plane. When the Earth is in or near
this plane the satellites would appear to move forward and
backward along a straight line, thus occulting one another in
passing. In the same way, when the plane of the orbits passes
through the Sun, there would be mutual eclipses of the satel-
lites. The orbital plane passes through the Earth and the Sun
twice in each revolution of the planet, so that these phenomena
occur at intervals of about six years. The plane passes through
the Sun on April 25, 1908, and through the Earth on July 8th
of the same year, so that near these times the respective obser-
vations may be made. Some difficulty may be experienced in
making the observations near the latter date as Jupiter will be
at a low altitude, passing to conjunction with the Sun on
August 17th.

Up to the present time but few such occultations have been
observed, and there is only a single recorded instance of
mutual eclipse. For this reason the observations of next
year will have a special interest, and their value will lie in
furnishing data to correct the elements of the satellite orbits.
If these orbits all lay in exactly the same plane, mutual eclipse
would occur at each heliocentric conjunction of two satellites
near the time named, and similarly mutual occultation at each
geocentric conjunction. As this, however, is not the case,
some of the conjunctions will occur without bringing about
either eclipse or occultation. In the latter case those using
micrometers can make observations of value by measuring the
difference in declination at the time of conjunction.

The following list is taken from a table given by Professor
OuDEMANS, and contains the occultations and eclipses visible
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at the Lick Observatory. This will serve for the Pacific Coast
States. In observing it will be well to begin before the com-
puted time and watch the progress of the phenomenon as the
times given are for central eclipse or occultation.

Time of Eclipse. Eclipsed Eclipsing Direction from

1908 PacificS. T. Satellite. Satellite. Fupiter.
April 2 100 3m I III East
3 826 v I West

4 8 32 v II East

4 9 21 I I1 East

5 II 56 I11 II West

6 12 12 II1 I East

9 12 52 I II1 East

11 7 42 II Iv East

II II 43 I 11 East

I1 12 24 I v East

22 7 13 v 1I East
May 1 9 5 II III West
1 10 43 II I East

5 957 IIT II East

6 8 38 I II East

10 8 41 I I1 West

11 7 26 I11 1I West

I3 11 31 I It East

17 8 ¢ I 11 East

Time of Conjunction. Occulted Occulting Direction from

1908. Pacific S. T. Satellite. Satellite. Fupiter.

May 31 8h 406m I I East
June 8 7 57 Iv II West
9 9 18 IT1 I West

20 7 50 I I1 West
July 11 6 57 IT I West

March 7, 1007. E. A. Farn.

Recent Double-Star Observations.—In Part 3 of Volume X
of the Publications of the Washburn Observatory, Professor
GrorcE C. Comstock publishes the results of his observations
of double stars in the years 1897-19o06, made with the 15-inch
refractor. The measures are arranged in the same form as
those previously published by the same observer in Part 1 of
Volume X. and constitute with them a homogeneous series.
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It is a pleasure to examine this publication, for the observ-
ing list has been carefully selected, including only stars in need
of measures; the stars have been observed systematically, and
the results are arranged in convenient form for the use of
investigators, with no superfluous matter. It is to be hoped
that his many other investigations will not prevent Professor
CoMmsTock from continuing with his double-star observations.

A volume of quite different character is one entitled “Meas-
ures d’Etoiles Doubles faites a 1'Observatoire de Chevreuse de
1904 a 1906, par MAURICE FaARMAN." The exterior of the
volume leads one to infer that M. FARMAN was a most indus-
trious observer, for it is a quarto publication of 128 pages.
Examination shows, however, that M. FARMAN’s own observa-
tions occupy only one line for each star, the remaining lines—
half a column in many cases—being devoted to a résumé of
other observers’ results between the years 1875 and 1895. As
the observing list is drawn almost exclusively from the lists of
StrUvE, Ot10 STRUVE, and BuRNHAM, of which we possess
catalogues giving practically complete histories of each star
to the present time, it would seem that the space thus occupied
in the present volume could have been used to better advan-
tage by giving the observer’s own results in more detail. As it
is, he gives only the distance, angle, and date, without any
information as to the number of nights the pair was observed,
the atmospheric conditions, the hour-angle, or the accordance
of the measures. It is stated in the introduction that each posi-
tion-angle is the mean of five settings, and each distance the
mean of ten double-distance measures, and it is perhaps to be
inferred that each star was observed on one night only. The
measures were made with a refractor of o™.24 aperture, and
an eye-piece magnifying about 500 diameters. R.G. A.

Eros Comparison-Stars and the Magnitude Equation—In
Number 111 of these Publications a brief note was printed
calling attention to Dr. Fritz CoHN's investigation of the
reference-stars used for the observations of Eros. Dr. Conn
concluded that the photographic determinations of the posi-
tions of these stars at several observatories show a decided
magnitude equation. In a later number of the Astronomische
Nachrichten, Professor Hinks, of Cambridge, England, who
has made a very thorough study of the Eros comparison-stars,
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controverts this conclusion and gives his reasons for thinking
that whatever other systematic errors may inhere in the photo-
graphic method, these particular observations are free from
this special error. A very interesting discussion of the whole
question has thus arisen, and a number of articles on the sub-
ject may be found in the Astronomische Nachrichten, the
Monthly Notices R. A. S., and other journals, the outcome
of which capnot yet be stated.

It has long been known that practically every meridian ob-
server has a personal equation due to magnitude,—that is, that
he observes the transit of bright stars relatively too early as
compared with the transit of fainter stars. Careful observers
usually determine the amount of this equation by a series of
special observations in which the transit of bright stars over
half the field is observed at full brightness, and over the other
half through a screen placed before the object-glass which
reduces the brightness several magnitudes. It has been
claimed, and Dr. Coux assumes in his argument, that observa-
tions with the Repsold self-registering transit-micrometer are
free from this systematic error. The questions at issue can
only be decided by careful investigations by expert observers.
To the amateur perhaps the most interesting feature of the
whole discussion is the minuteness of the quantities involved.
It is another illustration of the high standard of precision that
modern astronomy sets for its followers.

Probabilities—1f any of the readers of these notes are en-
gaged in teaching the theory of probabilities to classes in
algebra or the method of least-squares, they may be interested
in the example given on page 155 of this number. The text-
books contain plenty of examples, but they are usually “made-
up” ones. The writer has often thought that a few real
examples, showing that actual results do come out in practical
agreement with those computed by theory, would be very
helpful in presenting this subject.

The computations employed in the example just referred to
may be used in considering other programmes of work which
are dependent upon the weather. For instance, suppose a
proposition is made to establish a number of astronomical
stations, widely separated along the path of totality, for the
purpose of observing changes in the outer envelopes of the Sun
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during the progress of a total eclipse of that body. The ques-
tion naturally arises, What is the probability of the skies being
clear at all of the stations on eclipse day? In order to give
concreteness to the problem, let us suppose that it is equally
likely to be clear or cloudy at any station, which is not far
from the true state of affairs for most localities, then the
probability of obtaining clear sky at any particular station is
one half. The probability of obtaining clear skies at any two
stations (separated sufficiently so as not to be under the same
local weather conditions) is the product of their separate
probabilities, or one fourth; of three stations, one eighth; of
four stations, one sixteenth; of five stations, one thirty-second.
If, then, some problem should be proposed which depends for
its solution upon observations to be made at five widely sepa-
rated stations upon the same day, it is seen that it would be
utterly foolish to expend money for this purpose, because there
would be only one chance in thirty-two of obtaining the re-
quired observations. S.D.T.

Notes from “Science.”—Professor JoHN Krom REEs, since
1881 professor of geodesy and astronomy and director of the
Observatory of Columbia University, died on March gth, in
his fifty-sixth year. Professor REes had been ill for several
years and had recently been made Professor Emeritus.

Professor HENRY Davis Topp, U. S. N. (retired), died at
Annapolis, on March 8th, at the age of sixty-nine years. Pro-
fessor Topp served through the Civil War with distinction,
and became head of the Department of Physics and Chemistry
at Annapolis in 1878. From 1886 to 1899 he was assistant on
the Nautical Almanac, and was director from 1899 to 1900,
when he retired.

The death is announced of Mr. HENRY CHAMBERLAIN Rus-
seLL, F. R. S., government astronomer of New South Wales
since 1870, at the age of seventy-one years.

‘The New York Assembly on March sth passed the Young
Bill, which provides for the establishment of a nautical mu-
seum and observatory in Bronx Park, New York.

Dr. George E. FIALE, director of the Solar Observatory of
Mt. Wilson, has been eclected one of the alumni members of
the corporation of the Massachusetts Institute of Technology.

Mr. C. G. Assor, who had been for a number of years Sec-
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retary LANGLEY’s principal assistant in the Astrophysical
Observatory of the Smithsonian Institution at Washington,
and latterly its acting director, has been appointed director of
the observatory, and Mr. F. E. FowLE, Jr., hitherto junior
assistant, has been appointed aid.

M. Henr1 PoiNcARE has been appointed a member of the
council of the Observatory of Physical Astronomy at Meudon,
in the room of the late M. MoissaN.

Funds have been donated by Mr. WiLLiam C. SprouL, State
Senator, of Chester, Pa., for the purchase of one of the largest
telescopes on the Atlantic Coast for Swarthmore College. The’
exact amount of the gift, or the size of the telescope, is not
known, but the instrument will be quite as efficient as the
Government'’s telescope at Washington or the University of
Virginia’s telescope at Charlottesville, which are the two larg-
est instruments in the East. The telescope will be in charge of
Dr. Joun A. MILLER, professor of mathematics and astron-
omy. Senator SProUL is a member of the board of managers
and has been active in the management of the institution since
his graduation, in 189I.

Dr. H. C. VogEL, of the Astrophysical Observatory at Pots-
dam, has been awarded the Maximilian order for art and
science of the Davarian government.

Professor Davip P. Toop, of Amherst College, sailed on the
“Panama” on May 11th for Colon, Panama, Callao, Peru, and
Iquique, Chile, in charge of the Lowell Astronomical Expedi-
tion to the Andes, sent out by Professor PErcivaL LowELL, of
Boston. Mr. E. C. SuirHER is photographer, Mr. A. G. ILsE,
of Alvan Clark & Sons, the instrument maker, and Mr. R. D
EAaGLESFIELD, mechanician. The party will observe the opposi-
tion of Mars with the 18-inch telescope of Amherst College
Observatory, and the annular eclipse of the Sun, July 1oth, for
Professor Newcoys.

——

Abstracts of Papers.—Two recent numbers of Science, April
12th and 17th, contain accounts of the meeting of the Astro-
nomical and Astrophysical Society of America, held in New
York during the last convocation week in connection with the
annual meeting of the American Association for the Advance-
ment of Science. Thirty-one papers were presented before
the society and four papers upon astronomical subjects before
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Section A of the Association. If we may judge from the titles,
many of these papers must have been very interesting. Ab-
stracts of most of them may be found in the numbers of
Science just referred to.

The American Astronomer.—In a recent issue attention was
called to the Journal of the Royal Astronomical Society of
Canada, a new periodical, published bi-monthly,. and similar
in scope to our own Publications, the Journal R. A. A., and
others designed to extend and popularize the study of astron-

‘omy. The second number meets the expectations raised by
the initial issue, and we trust the Journal has entered upon a
long life of usefulness.

A publication of a different type is “The American Astron-
omer, an international publication for practical astronomers,”
published at Marlborough, Mass., of which two numbers have
appeared. The object of this journal is to give prompt intel-
ligence of items of interest to astronomers, and it is therefore
the aim of the editor, WM. D. McPHERSoON, to publish as often
as possible. At present the paper will appear monthly. It is
an experiment worth making, and the result will be watched
with interest. The subscription price is placed at $2.00 per
year.

“How to Know the Starry Hcavens.”—We are glad to note
that this work on popular astronomy by one of the members
of our Society, Mr. EDWARD IrvING, has been well received by
the public. Very favorable comments have been printed in
many journals, like the Outlook, that notice scientific books
likely to interest the general public. Mr. IRvING's facts are
correct, his style free from technicalities, and his illustrations
numerous, well chosen, and well-executed reproductions from
excellent modern photographs and drawings.
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OUR DEBT TO ASTRONOMY:

By RusseLL Tracy CRAWFORD.

Astronomers are so often asked questions such as *“What is
astronomy good for?” *“Why waste your time and energy upon
anything so immaterial and unpractical as astronomy?” “What
good does it do to know where a comet is going?” etc., that
it seems opportune and fitting to answer such questions quite
thoroughly. For this reason the subject “Our Debt to Astron-
omy” has been chosen for this address. These questions and
many others of a similar nature show how little thought is
given by the general public to such matters, and how carried
away they are with the intensely practical ideas of this rapidly
advancing age, which seems to have emblazoned upon its ban-
ner not “Excelsior,” but a glaring monogram of the United
States with the curve at the bottom of the U eliminated from
the picture. Among other things 1 hope to convince the
followers of this banner of the almighty dollar that astronomy
is one of its most potent aids and should therefore be one of
its pets, worthy of its support.

Upon this subject Professor YouNG writes as follows in the
introduction to his “General Astronomy” :—

“At present the end and object of astronomical study is chiefly
knowledge pure and simple; so far as now appears, its development
has less direct bearing upon material interests of mankind than that of
any other of the natural sciences. Tt is not likely that great inventions
and new arts will grow out of its laws and principles, such as are
continually arising from physical, chemical, and biological discoveries,
though of course it would be rash to say that such outgrowths are
impossible. But the student of astronomy must expect his chief profit
to be intellectual, in the widening of the range of -thought and con-
ception, in the pleasure attending the discovery of simple law working
out the most complicated results, in the delight over the beauty and
order revealed by the telescope in systems otherwise invisible, in the
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recognition of the essential unity of the material universe, and of the
kinship between his own mind and the infinite Reason that formed all
things and is immanent in them. . . .

“At the same time it should be said at once that, even from the
lowest point of view, astronomy is far from a useless science. The
art of navigation depends for its very possibility upon astronomical
prediction. Take away from mankind their almanacs, sextants, and
chronometers, and commerce by sea would practically stop. The sci-
ence also has important applications in the survey of extended regions’
of the country, and the establishment of boundaries, to say nothing
of the accurate determinaticn of time and the arrangement of the

- calendar.”

It is the intention here to go further than this, and to speak
not only of the present, as Professor YouNG does, but to go
back to the beginning of things and to show the principal
accounts in “Our Debt to Astronomy.”

Let it be known at the outset that for many centuries, from
the beginning of terrestrial affairs, the history of the world
is practically the history of astronomy. For many centuries,
we cannot say just how many, astronomy was the one and
only agent to quicken the thoughts of men and to lead them to
a comparatively high state of intellectual development. Place
ourselves, if we can, in imagination back into the so-called pre-
historic times, and it will at once be evident that the most
striking phenomenon of nature—viz., the rising of the Sun,
Moon, and stars in the east, their daily journeys across the
sky, and their setting in the west—would be the first thing
to draw thought and set active minds to speculate. Once
started, the keen mind would soon find other phenomena of
astronomy to work upon, and in this way was built up that
foundation for the superstructure of culture and knowledge
which we find in the possession of earliest historical man—our
first debt to astronomy.

We find that, in the beginning of what we may call authentic
history, astronomy was purely a practical science. Theoretical
astronomy there was, wild as it may have been, but it was
the practical side of astronomy that was most developed and
cultivated. It was very necessary in those times, when agri-
culture was the main industry, to know when to sow the crops,
and when to reap them,—in other words, a knowledge of the
season was essential to existence itself. And how, indeed, was
a knowledge of the seasons to be had, not only then but now,
except by a careful study of the wanderings of the Sun from
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its southernmost position to its most northern station, and back
again, during the course of the interval of time that we call
a year? Let us consider, in particular, the case of the Egyp-
tians. Egyptian civilization would have been impossible but
for the Nile floods, which appear with great regularity. The
rising waters reach the region of leliopolis and Memphis
almost exactly upon the day that the Sun is at the summer
solstice. It is very evident, then, that the Egyptians before
us were under obligations to the astronomers of their age to
inform them of the time when the Sun would be at the sum-
mer solstice. It is no wonder, then, that the Egyptians com-
missioned their astronomer-priests to observe carefully for the
helical rising of Sothis or, as we now call it, Strius, the dog-
star, to give them the necessary datum upon which their year’s
material prosperity depended. As every advance in early
knowledge and civilization was an essential stepping-stone to
our present acropolis of culture, we of to-day owe this a
second debt to astronomy.

It must ever be borne in mind that our present-day knowl-
edge has not been attained by the spontaneous outburst of
genius in a single generation, but has been built up slowly, step
by step, from earliest times, each single advance being a
necessary precursor of later development. HIPPARCHUS must
precede PtoLEMY, and PToLEMY must precede CoPERNICUS.
CopeErNICcUS made the way easier for KEpPLER, and KEPLER in
turn added the stone upon which NeEwToN built, and so on.
To every contributor of a stone in our Temple of Knowledge,
whether it be in foundation or superstructure, we of to-day
owe a debt.

Incidentally, we have a decided personal interest in -the
theoretical astronomy of the Babylonians, who gave us the
week of seven days, with the names taken from the Sun, Moon,
and the then-known five planets, Mercury, Venus, Mars, Jupi-
ter, and Saturn. Had Uranus and Neptune been known to
them, our week would have been nine days long instead of
seven, with one day in nine for rest. )

To astronomers and their science we owe the evolution of
the ideas and conceptions of the size and shape of our globe.
The earliest peoples believed the evidence of the senses, and
thought that they lived upon a large flat surface. More ad-
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vanced ideas were that the Earth was a truncated cone, and
then a cylinder, and finally, even so early as the time of
PyTHAGORAS, it was shown to be a sphere. As to its size no
definite conception was had until comparatively recent times.
The determination of its dimensions to-day would be impos-
sible but for the astronomer.

Astronomy has not always advanced, but has had its set-
backs, from which, however, it has nobly recovered. This
brings me to speak of the retarding influence of -ARISTOTLE
and ProLEMY upon the world’s knowledge and culture; its
overthrow brought about by astronomers, and the wonderful
results therefrom—one of the greatest of our debts to
astronomy.

In the third century B. C. ArisTarRcHUs of Samos and
others of less note had asserted that the Earth was in motion
—a very advanced idea for the time; but they could not prove
it. Then came a backward step, taken by ProLEMY, who ap-
parently proved that the Earth was not in motion, but was
immovable at the center of the universe. This idea held sway
for fourteen centuries, until the time of CopernNicus. Its
overthrow came at about the time of the downfall of the
influence of ARisToTLE. These two accomplishments were the
most vital forces of the Revival of Learning. It has well
been said that ARrISTOTLE retarded the progress of the world’s
knowledge and culture more than any other one man. His
dictum was the undisputed law in the realms of knowledge
for seventeen centuries. If any one dared to present an idea
contrary to ARISTOTLE the sneering question was ever ready,
“Do you think you know more than ARISTOTLE?” and the
investigator was completely squelched. This absolute servility
to the dogma laid down by the great philosopher furnishes one
of the most remarkable pictures in history. DBut sooner or
later this had to end, and the end came with GaLILEO, the
astronomer. I may recount here the beginning of this end.
ARISTOTLE had said that a large heavy body would fall from
a given height in less time than a small light one. For seven-
teen centuries it had never occurred to any one to investigate
experimentally the truth of this assertion, or else no one had
dared to try it. GALILEO, the astronomer, however, was not
content to take the word of anybody, even ARISTOTLE, upon a
matter which could be proved or disproved so easily as this.
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one. Dramatic indeed must have been the scene when the
great astronomer mounted to the top of the leaning tower of
Pisa and let fall simultaneously a large heavy body and a
small light one, and great indeed must have been the aston-
ishment of the populace gathered to witness the experiment
when they beheld the two bodies falling side by side and
reaching the Earth at practically the same time, demonstrating,
as KIPLING puts it, that “heart-breaking power, the perversity
of inanimate things.” At that instant fell also the influence
of ARISTOTLE in the scientific world.

CoperxIcus had just previously shown that the Earth is in
.motion about the Sun, and when GALILEO clinched this idea,
so to speak, by turning his telescope upon Jupiter and there
beholding the four moons revolving about the central mass, a
miniature world, the revolution was complete. It is difficult
for us to imagine what a convulsion must have taken place in
the minds of men at that time. The Church had taught that
the Earth was stationary, and even to think anything else
was the greatest heresy, as it was contrary to Holy Writ. In
view of this, is it any wonder that we had the Dark Ages?
Because of the unswerving adhesion to dogma in those days
it is, again, no wonder that the great astronomer, GALILEO,
was brought before the Inquisition, tried and convicted of
heresy, furnishing one of the most dramatic, almost tragic,.
incidents in the history of science. But the ideas once started
by Coperxicus and GALILEO soon began to spread and found
firm supporters, and the world once more started on the way
of progress. We cannot begin to appreciate the effects of such
a revolution in the world's thought. At first sight one would
say, ‘“What a loss of importance and dignity!” We are no
longer the great It,—the center of the universe about which
all else must turn, and to which all else must be subservient.
But, on second thought, we would say, and do now say, “What
a gain in beauty and grandeur!” We now find ourselves
whirling about the great Sun in the infinite sea of ether, gaz-
ing into its immeasurable expanse. Can any one estimate the
amount of dollars and cents in this debt we owe to astronomy?
No; it is above dollars and cents.

Following quickly upon the steps of these two great astron-
omers we have KEPLER, who gave us his laws of planetary
motion, by means of one of which the scientific mind was
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freed from the so-called perfect path, the circle, and was
introduced to the use of the general conic. His work, in turn,
formed the stone upon which Sir Isaac NEwTON built so well.
It would be a long story, indeed, to recount the various debts
we owe to this man, our greatest astronomer. For the more
practical-minded, however, I will call attention merely to one
of his accomplishments. In evolving his universal law of
gravitation, and in furtherance of his astronomical investiga-
tions, ,it became necessary for him to invent a new branch of
mathematics—namely, Calculus. Is there any one so daring
as to estimate the commercial value of calculus? The idea
is staggering. It is beyond human power to make the com-
putation. Without this powerful implement, due to astron-
omy, what could be done in applied mechanics? Where
would our sky-scrapers be? How could we build our battle-
ships? Where would our electric-cars be? How could our
enormous bridges be built ?—and so on, almost ad infinitum.

Less than a month ago, while coming in from Oakland on
the electric-car, a friend asked me the old question, in rather
inelegant English, “What is astronomy good for?” Among
other things I said, “I suppose you see no connection between
astronomy and this electric-car?” The answer was a ready
“No!” The connecting-link is this same calculus.

We find, not only in the applied sciences, but also in many
of the natural sciences, higher mathematics to be an absolute
necessity. And to what are the higher branches of mathe-
matics duc? The answer is, “Principally to astronomy.” 1
wish to quote here from Dr. WiLLiam F. WHITE's article on
“The Nature of Mathematical Reasoning,” in No. 609 of
“The Open Court.” He says, “Behind the artisan is a chemist.
behind the chemist a physicist, behind the physicist a mathe-
matician.” There he stops, but I now add, behind the mathe-
matician the astronomer.

Another great debt that we owe to astronomy is one on
behalf of our peace of mind. Ifrom the beginning up to the
present time there have been, and now are, many people filled
with superstition concerning the heavenly bodies. Thanks to
astronomy, these are becoming fewer and fewer. In ancient
times whole nations were thrown into a panic by an eclipse
of the Sun; armies on the eve of battle were commanded to
halt, with disastrous results, to await the passing of the ill-



Astronomical Society of the Pacific. 187

omen of an eclipse of the Moon. Comets were supposed to be
within our own atmosphere, and to bring pestilence and dis-
ease. These phenomena have been shown by astronomers to
be ordinary affairs in the celestial mechanism; having no
bearing upon our regular existence. Unusual conjunctions of
several planets are even now by some thought to have an
important bearing upon the affairs of life. Many crafty people
to-day make a livelihood by imposing upon the more supersti-
tious and easily-fooled people by casting horoscopes. One ot
our daily papers thinks so little of the value of its space as to
give up a quarter of a column in every issue to the publication
of CozetrTE’s horoscope for the next day.

Within the last few weeks the papers announced that a
comet had been discovered by an astronomer on Mt. Ztna,
which was coming directly toward us and would soon annihi-
late the Earth. Immediately after the appearance of this
wonderful announcement this observatory had many letters of
inquiry concerning it. Some people evidently believed in it,
and wanted to know the exact date when the direful catastro-
phe would occur. Probably there will always be some who
will be thus taken in, but, thanks to the teachings of astronomy,
we live in practically perfect peace of mind regarding these
things. Nations are no longer convulsed by an unexpected
eclipse, and astronomers royal are not decapitated for failure
to predict them.

A study of the simple elements of astronomy would be very
beneficial to artists and writers. They often make serious
mistakes through mere ignorance. It is not very uncommon
to see an otherwise beautiful painting spoiled completely by a
delicate crescent Moon with its horns pointing toward the
Sun. A note in No. 383 of the Observatory calls attention to
the fact that in chapter I of “Jane Eyre,” by CHARLOTTE
BRONTE, occurs this expression: “(The Moon’s) newly risen
crescent, -attesting the hour of eventide,” a statement which
makes the author appear ridiculous. Many instances.of this
kind could be cited.

Finally we come back to Professor YouNg's statement, to
consider the present-day, all-absorbing, dollars-and-cents value
of astronomy. You have all probably traveled at night, resting
more or less comfortably in a berth of a Pullman attached to
an express train, which in its course thunders by a freight
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train on a siding. You give but little, if any, thought to it,
having confidence in the men running the train. These men
in turn have confidence in their running because they are run-
ning “on time.” Think what it means to the railroads of the
country, and to the public, to have the trains running “on.
time.” To be able to handle the enormous traffic of to-day
correct time is an absolute necessity. Where do the railroads
get their correct time? Another account in our debt to as-
tronomy.

Again, when it became necessary to run the boundary-line
between Canada and the United States astronomers had to be
employed. Our maps cannot be made without a knowledge
of practical astronomy. Extended surveys also require a
knowledge of practical astronomy.

I will call attention to one more, perhaps the greatest, com-
mercial debt we owe to astronomy; that is, the service it
renders to navigation. Were it not for the data furnished
by astronomers, commerce by sea would practically stop. The
sailing-master on the high seas could not determine his posi-
tion, nor in what direction to head his ship in order to reach
a desired harbor. Think what this means in dollars and
cents, and estimate it if you can. [‘or this one service alone
the science of astronomy is worth more in dollars and cents
to the world in one week than has been expended upon it
since the beginning of civilization. Do vou think that Great
Britain, for instance, would take in exchange an amount equal
to its national debt for what astronomy gives her? I answer
for you, most emphatically, “No.”

Even these commercial values sink into insignificance when
we consider again, in general, what astronomy has done for
us in giving us the laws upon which mechanics is based; in
pushing mathematics to its present state of development, the
effect of which ramifies rapidly; in being one of the most
powerful factors in bringing us to a better understanding of
nature ; and in broadening our views and taking us out of the
narrow confines of a little plain, immediately surrounding the
AZgean Sea, and launching us into the infinite realms of space.

In conclusion, I wish to answer one niore question—namely,
“While some parts of astronomy may be of value, why exert
so much thought and cnergy upon other parts which are
purely abstract and theoretical?” The answer to this is that

«
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we never can tell to what such abstract speculations may lead,
and that, in the end, they may give us something exceedingly
valuable, either in the commercial world or in the realms of
culture and knowledge. A comparison with prospecting may
make it clearer. The miner digs day after day with apparently
no return. He may continue to do so with no result, no matter
how long he labors; but, on the other hand, at any moment he
may unearth a rich vein which will more than repay him for
his efforts. So it was with KEPLER, when he dug through
TycHO's observations day after day with no result, until finally,
after much labor and the use of an enormous store of patience,
he struck the vein of planetary motion, and his wonderful
laws were brought to light. It was MicHAEL FarapAay who
said so well, “There is nothing so prolific in utilities as ab-
stractions.”

And now, in closing, T desire to express the hope that you
who have heard what I have had to say, and those who may
hereafter read what I have said, will ever feel it unnecessary
to ask in inelegant English, “What is astronomy good for?”

BERKELEY ASTRONOMICAL DEPARTMENT, July 13, 1907.

THE LOST RINGS OF SATURN.

By ARTHUR B. TURNER.

The Moon long since became a dead world, without air or
water. The planet upon which we dwell is well advanced in
its development; its surface has cooled and hardened, but it
still has air and water, the great life-giving elements. We
look out upon the planet AMars with its surface covered by
canals in the struggle of the inhabitants to get water to supply
their needs. But beyond Mars, at a distance more than nine
times our distance from the Sun, there circles a world, re-
splendent in the making, surrounded by satellites and rings,
and taking over twenty-nine years to make its majestic swing
around the Sun. This orbit formed the boundary to the solar
system down to the discovery of Uranus, by HERSCHEL, in
1781. Saturn has a diameter a little more than nine times that
of the Earth, and makes over two revolutions on its axis in
one of our days. The result of such swift rotation is to make
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solar system. It was left for HUYGHENS, in 1655, to announce
their true character.
There are three wide, thin rings surrounding the planet in
the plane of its equator, and ranging from eleven thousand
to eighteen thousand miles in width and about fifty miles thick.
They are inclined to our path around the Sun, so that we see
them at various angles as they reflect back to us the Sun’s rays.
It was thought at one time that they consisted of fluid or solid,
but the mathematicians proved that such rings would soon fall
to pieces, and that probably they consisted of swarms of
particles like meteors, each particle following an independent
path around Saturs, just as the Moon does around the Earth.
By spectroscopic observations of the rings by the late Pro-
fessor KEELER, it was shown that they must consist of discrete
particles.
THE LOST RINGS.

The plane of these rings moves parallel to itself as they
accompany the planet around the Sun, so that about every
fifteen years this plane will pass through the Sun. The Earth
in passing around the Sun wili view the rings in varying
positions. This year the plane of the rings passes through
the Sun, and from April 12th to July 22d we face the unil-
lumined side of the rings—the Sun being north and the Earth
south of their plane. To us, then, the rings will appear as a
black bar crossing the disk of the planet, with possibly a faint
line of light where the rings extend on either side of the ball.

In 1891 the great Lick telescope failed to show any trace of
the rings when in a similar position. IFrom July 22d to Octo-
ber 4th the rings reappear as a narrow line of light on the
two sides of the planet, as shown in the figure above. From
October 4 to January 6, 1008, the Earth will be north of the
plane of the rings and the Sun south of this plane, and the
above phenomena will be repeated. It was this disappearing
of the rings that so puzzled GALILEo.

When the rings are more favorably situated we can sce the
shadow cast on them by the planet, and also the disk shining
through the inner dusky “crepe” ring.

CoLLEGE OF THE CI1TY OF NEW YORK,
DEPARTMENT OF MATHEMATICS AND ASTRONOMY.
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PLANETARY PHENOMENA FOR SEPTEMBER AND
OCTOBER, 1907.

By Marcotm McNEILL.

PHASES OF THE MOON, PACIFIC TIME.

New Moon....Sept. 7, 1h 4mp.M. | New Moon....Oct. 7, 2h21man.
First Quarter.. * 14, 7 40 p.M. | First Quarter.. “ 14, 2 2 A.M.
Full Moon.... “ 21,1 34 pM. | Full Moon..... “ 21, 1 16 AM.
Last Quarter.. “ 29, 3 37 A.M. | Last Quarter... “ 28,11 51 PA.

The autumnal equinox, the time when the Sun crosses the
equator from north to south, is September 23d, 9 p.M., Pacific
time.

Mercury is a morning star on September 1st, rising about
half an hour before sunrise, too near the Sun for naked-eye
observation. It is moving toward the Sun, and passes superior
conjunction on September 6th, becoming an evening star. It
then moves out toward greatest east elongation, which it
reaches on October 23d; but as its motion carries it southward
relative to the Sun, the conditions for visibility are poor, and
it does not remain above the horizon as much as an hour after
sunset at any time during the period. While it is still a momn-
ing star on September 3d, it is in very close conjunction with
I’enus. passing to the north of that planet 267, less than the
apparent diameter of the Sun, but both bodies are too near
the Sun to be seen.

Ienus, like Mercury, is a morning star on September 1st,
too near the Sun to be seen, and passes superior conjunction.
becoming an evening star on September 14th. After this date
its motion relative to the Sun is eastward, and by the end of
October its distance is about 12°; but it is also moving some-
what southward, and on October 31st it sets only a little more
than half an hour after sunset, so that it is scarcely possible
to make any naked-eye observations during the two months.
This is rather a rare occurrence.

Mars is still in fine position for observation, setting about
half an hour after midnight on September 1st, and shortly
after 11 r.M. on October 31st. It has begun to move rapidly
castward, and during the two months’ period moves 33° east-
ward and 8° northward from a position among the stars of
the milk-dipper group in Sagittarius to the middle of Capr-
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corn. On September 2d it is a little more than 1° south of

¢ Sagittarii, the right-hand star in the bottom of the bowl of

the dipper, and on September 1oth passes less than 1° north
of rSagittarii, the left-hand star in the bottom of the bowl.
It is in perihelion on the morning of September 26th. Its
distance from the Earth changes from fifty millions of miles
on September 1st to sixty-six millions on October 1st, and
eighty-five millions at the end of the month. By September
1st its brightness is about forty per cent less than it was at
its maximum, in early July, and it begins to fall off rapidly
during the two months, so that at the end of October it is
only one fifth as bright as it was at opposition, but it will still
be bright enough to be conspicuous.

Jupiter is a morning star, rising about 2" 30™ A.M. on Sep-
tember 1st, at about 1 A.M. on October 1st, and at a little
before 11t 30™ p.M. on October 31st. It is in the constellation
Cancer, and moves about 9° eastward and 2° southward during
the two months. On the morning of September 3d it makes a
very close approach to the Moon, and for some places will be
occulted.

Saturn is in fine position for observation throughout the
months of September and October. On September 1st it rises
about an hour after sunset, and comes to opposition on Sep-
tember 17th. On October 1st it does not set until nearly 5 A.M.,
and on October 3ist it sets at about 2! 30™ A.M. It is in the
western part of the constellation Pisces, and moves about 4°
westward and 2° southward. The phenomena of the rings
are still very interesting. On September 1st both the Sun and
Earth are below the plane of the rings, and we are therefore
looking at the illuminated face. The rings appear very narrow,
and continually grow narrower until about October 4th; at
this date the Earth passes through the plane and we see the
rings edgewise. It will take a good telescope to show any-
thing of the rings in such circumstances. For the remainder
of the year after October 4th the Sun and Earth are on oppo-
site sides of the plane, and therefore the side facing us is the
dark side. The rings widen out a little until about the end
of November, and a fine telescope may show this by the curva-
ture of the thin line of light reflected from the edge.

Uranus is in fair position for observation in the evening
sky. On September 1st it sets at about 12" 30™ A.M., on
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October 1st at about 10" 3om p.M., and on October 31st at
about 8" 30m p.M. Its motion among the stars is very small—
a little westward until September 18th, and then about 1°
eastward by the end of October. It remains in the constella-
tion Sagittarius, north of the milk-dipper group, about 3°
north of ¢ and o Sagittarii, the stars in the bowl nearest the
handle.

Neptune rises shortly after 1 A.M. on September 1st, and
shortly after 9 p.a. on October 3ist. It'is nearly stationary
in Gemini.
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beside the Willard lens. By this means it is possible to obtain
two one-hour exposures each night, together with one two-hour
exposure, which will show more of the faint detail. The appa-
ratus was used in this way on the nights of July 19th and 2oth.
Measures made on the point of forking of the principal tail
on the short-exposure plates of July 2oth indicate a component
of velocity of recession from the head, perpendicular to the
line of sight, of about seventy miles per second. This apparent
motion of the point of forking may be real, or it may be an
illusion due to the closing together of the two branches of the
fork, which would cause the point of separation to seem to
move outward.

The comet is now of the third magnitude, and is rapidly
growing brighter. Since July 17th the tail, as well as the
nucleus, has been visible to the eye. An ephemeris computed
from CRAWFORD's elements shows that the comet will reach its
maximum theoretical brilliancy about August 2oth, when it
will be about twenty times as bright as on June 15th and about
twice as bright as it is now. This calculation is of course based
on the assumption that all of its light is reflected sun-light, and
the actual brilliancy may much exceed the theoretical. At the
time of perihelion the comet will be about an hour and a half
west of the Sun in right ascension, and it is hoped to extend
the series of photographs much further.

Lick OBservAToRrY, July 24, 1907. . J. C. Duncax.

SPECTROGRAPHIC OBSERVATIONS OF VENUS FOR SOLAR
PARALLAX.

The determination of the solar parallax by spectrographic
methods has long been under consideration among astrophysi-
cists, but until very recently it has been thought to be out of
the reach of spectrographs now in use. The work of taking
a series of spectrograms of stars having small latitude was
begun by Sir Davip GiLw at the Cape Observatory, and is now
in progress. The accuracy with which this series will deter-
mine the solar parallax has not yet been fully ascertained; at
least it has not been published. Professor KUSTNER, in an
article reviewed by Dr. J. H. Moore in Vol. 17, 197, of these
Publications, gets a p. c. of = o0.22k for a single plate of
Arcturus: using eighteen plates, he obtained the value
8.844 + 0”.017 for the parallax.
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The measures of check-plates of Venus, taken with the
remounted Mills spectrograph in 1904 and 1905, agreed well
enough to warrant the taking of a few plates at each of two
successive elongations of the planet, to see what weight a
value of the solar parallax would have if determined spectro-
graphically from Venus alone, and to find out what increase
of power would be necessary to put this method on a par with
the most accurate of those now in use.

The elements of the orbits of the Earth and the other planets
are well determined, but the dimensions are relative. If at
any time we can determine the absolute distance from the Earth
to another planet, or measure the velocity of any planet with
respect to the Earth the absolute size of the whole system can
be readily found. Knowing the size of the orbit of Venus
relative to that of the Earth, the velocity of light and a few
absolute wave-lengths we can determine the solar parallax by
spectrographic observations of the planet.

While the velocity of Venus with respect to the Earth'is not
so great as that of the Earth with reference to a star on the
ecliptic, and while the large hour angles necessary in taking
spectrograms of Venus are inconvenient, if not prejudicial, the
brightness of the planet and freedom from unknown changes
in velocity due to satellites and from small spectral variations
such as may be encountered in stars, will more than counter-
balance the disadvantages when we come to use a more power-
ful apparatus, such as we are about to discuss. The spectro-
graphic method in general is relatively unaffected by the things
that are troublesome in other methods, the most important of
which is refraction, and perhaps least important, on account
of its accurate determination, the size of the Earth. This
method must assume DoPPLER’S principle.

The measurements of the two series of plates taken at the
last two elongations of Penus showed greater discrepancies
than had been expected, and the mean of the two sets differed
by 0.4*™®, so an investigation of the cause for the difference was
undertaken. It came out that sky-plates taken with the instru-
ment in the same adjustment as was used for the later series
differed from the computed values by the same amount as did
the Venus-plates, leading to the conclusion that slight differ-
ences in the closure of the slit, or a dust grain, may affect the
velocity of a plate by interfering with the symmetry of the

/
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A SPECTROGRAPHIC STUDY OF THE FOURTH-CLASS VARIABLE
StArRs Y OpHiucHI AND T VULPECULE.!
Introduction.

On account of the extremely small displacements of spectrum
lines, due to the radial velocities of the stars, it is desirable to
usc spectrographs of as high dispersion as possible. The
amount of star-light available is the principal factor in deter-
mining the upper limit of the dispersion. At present, deter-
minations of the radial velocities of stars are made most
extensively with three-prism instruments. These can be made
to yield velocities reliable within a few tenths of a kilometer.
The practicable limit of such an instrument, attached to the
largest existing telescopes, is about the sixth photographic
magnitude, which requires an exposure of approximately two
and a half hours. There is urgent need for a knowledge of the
radial velocities of much fainter stars. Data for the solution
of important astronomical problems by non-spectroscopic
methods have been obtained from a large number of stars, some
of which are as faint as the twelfth visual magnitude, whereas
radial velocities have really been limited to the sixth photo-
graphic magnitude. The one-prism spectrograph of the Lick
Observatory was employed by Dr. R. H. Curtiss in a study
of the variable star W Sagittarii,®* which varies between 3.5
and 6.5 photographic magnitudes. His work showed that good
velocity determinations with the one-prism instrument could
be obtained, at least when the exposures were comparatively
short. His average exposure was about thirty minutes. It
was definitely an object of the present investigation to test
the efficiency of this spectrograph for much fainter stars, re-
quiring long exposures. The average exposures for the two
variable stars selected (T Vulpecule and Y Ophiuchi) were
75™ and 180%, respectively. The latter star, of about the eighth
photographic magnitude at minimum, may be considered the
practicable limit for this instrument, attached to the 36-inch
refractor. In the case of a star whose light is concentrated in
a few spectrum-lines or bands, it is of course possible to go

1 Thesis in partial fulfilment of requirements for the degree of doctor of philos-

ophy in the University of California. A more complete account is published in Lick
Observatory Bulletin, No. 118, and in the 4strophysical Journal, Vol. XXV, 330,

1907.
3L O. Bulletin, No. 3, 19, 1904; and Astrophysical Journal, Vol. XX, 149, 1904.
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several magnitudes lower. For example, the spectrum of
Nova Aquile No. 2 was successfully photographed when the
star was of the eleventh visual magnitude.

The dispersion of the one-prism spectrograph is one fifth
that of the three-prism Mills spectrograph. The average radial
velocity of the brighter stars is about + 20*® per second. The
equivalent displacement with the one-prism instrument, for the
Hy region, is 0.005™™m. A radial velocity of 2™ would produce
a shift of 0.00002 inch (0.0oo5mm). If the average radial
velocity for the fainter stars is about the same as for the
brighter, then these small displacements are the quantities to
be measured on the plates taken with the one-prism spectro-
graph. The results obtained are considered highly satisfactory.
In the case of ¥ Ophiuchi, with an average exposure of three
hours, the double amplitude of the velocity-curve is only 17*™.
On the Mills spectrograms the same linear displacements would
give a curve of 314%™ double amplitude.

In addition to testing the possibility of extending the useful-
ness of the one-prism instrument for radial velocity work, it
was thought that a contribution might be made toward the
discovery of the causes of some of the peculiarities that are
observed in short-period variable stars of the & Cephei or
n Aquile type. Some of the more important points to be con-
sidered in this connection are: The peculiarities of, and the
relation between, the light- and velocity-curves, peculiarities of
the spectrum, changes in the character of the spectrum during
the period of variability, and the behavior of the individual
spectrum-lines.

A Peculiarity of the Spectra.

In the variable stars of the 8 Cephei type there is a greater
richness of photographic radiation relatively to visual radiation
at light-maximum than at light-minimum.* During the light-
period the point of maximum energy on the energy-curve shifis
along the spectrum, moving toward the shorter wave-lengths
as the star approaches light-maximum, and back again toward
the longer wave-lengths as light-minimum is approached. This
fact is to a certain extent masked upon the spectrograms by

! The observations by WILKENS confirm this point. For five stars he finds the
photographic range of brightness to be about one half greater than the visual range.
—Astronomische Nachrichten, Vol. CLXXII, 305, 1906.
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instrumental and atmospheric causes, but in a long series it can
readily be verified. '

The Individual Spectrum-Lines.

A study was also made of the individual spectrum-lines
(blends) to determine whether any of them were shifted regu-
larly during the light-period of the variable. For this purpose
thirty-nine lines were selected, and for each line the residuals
(O-C)—i. e. the velocity given by the line minus the mean
for all the lines measured on that plate—were formed and
plotted from the measures of thirty-four spectrograms of
Y Ophiuchi arranged according to phase in the light-period.
The same was done for thirty-five spectrograms of T Vulpec-
ule. No definite trace of a shift of any of the lines was found
which is progressive with the phase of the star in its light
period. ’

The Variable Star Y Ophsuchi.

Forty-four spectrograms of this variable were obtained. My
measures of the first eight spectrograms showed a variable
radial velocity, the total range of variation being, however,
small.! The solution of the orbit by the method of LEEMANN-
FiLugs gave the following elliptic elements:—

U = 17.1207 (light-period),

p = 21°.026,
T = 2.6 days after light-maximum,
0 = 209°.2,
K = 8.5¥= (single amplitude),
e = 0.10,
I” = — 5.0 (velocity of system),

a sin 1 = 1,999,000%™,
There is some indication of the presence of a secondary

curve, with a period equal to half the light-period and a double
amplitude of 2.5*™, superimposed upon the elliptic curve given
above. This irregularity is such an extremely small quantity
for the dispersion employed that we cannot place entire con-
fidence in its reality. It would be equivalent to obtaining a
secondary curve of 0.5*® double amplitude with the three-prism
Mills spectrograph. Attention is called to the fact that the
light-curve shows a similar irregularity.

1 Publications A. S. P., Vol. XVIII, 66, 1906.
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More prominent irregularities in velocity-curves have been
observed by CAMPBELL! in { Geminorum, and by R. H. CurTiss
in W Sagittarii (l. ¢.). The cause of these secondary curves
is still an unsettled question. Various explanations have been
offered, such as the presence of a third body; the rotation of
the brighter component; a resisting medium; or the effects
of tidal forces, which must necessarily be large in such close
binaries. Dr. ALEXANDER W. ROBERTS has shown? that con-
siderable deviations of the principal bodies from the spherical
form, in the case where the size of the stars is distinctly com-
parable to the size of their orbits, would give rise to a sec-
ondary period in the velocity-curve equal to half the primary
period. This is a very interesting and suggestive explanation,
though probably not a complete one. In W Sagittarii the sec-
ondary period is without doubt half that of the primary,
whereas in the case of { Geminorum a secondary period, equal
to one third that of the primary, satisfies the observed curve
better than one of half the primary period. In a complete ex-
planation probably a number of factors must be taken into
account, and in the different individual cases one or the other
of these factors may become the predominant one, and thus
produce differences in the period of the secondary or in other
peculiarities of this class of variables. In the course of a few
years, as studies of several other variables of this and related
classes will become available, we may hope to be able to speak
more authoritatively in regard to the characteristics that are
common to all as well as the points of difference. In individual
cases we may be able to pick out the predominant influences
that are at work.

The Variable Star T Pulpecula.

The variable brightness of T I"ulpecule was discovered by
SawyEeRr in 1885. The binary character of the star was an-
nounced by Frost in 1904. Three series of spectrograms, in
three successive years, were obtained and cach series is satis-
fied by the same velocity-curve. There is thus no appreciable
rotation of the line of apsides nor rapid change of any of the
other elements. The solution of the orbit was made by the
method of LEnMaNN-FILuEs. After several trials of various

1 Astrophysical Journal, Vol. XIIH, go, 1901.
2 Monthly Notices R. A. S., Vol. LXVI, 329, 1906.



¢

Astronomical Society of the Pacific. 203

ellipses with different values of the elements, the velocity-curve
computed with the elements given below was found to repro-
duce the observed velocity-curve well within the error of con-
struction of the latter. A least-square solution was therefore
considered entirely unnecessary. The following are the adopted
elements :—

U = 4%.43578 (light-period),

p = 81°.1583,

T = 3476 after light-maximum,

0 =1I11°

K = 17.6km (single amplitude),

¢ =0.43, .

V = —1.3*® (velocity of system),

a sin { = g69,180%™.

In neither of these two stars could the variability be due to
an eclipse, for in that case maximum and minimum brightness
would occur near the points where the velocity equals the
velocity of the system.

Perhaps the most important result of this investigation is the
conclusive evidence of a much closer relationship between the
light- and velocity-curves than has heretofore been believed to

Time Interval
between
Maximum
Brightness and
Greatest Nega-
tive Velocity.

Star. Period. Observer. Reference.

Days. Days.

§ Geminorum .. 10.15 +o0.2 W. W. CampBerL at L. Astrophysical Jour-
0. nal, XI1I, go, 1901

n-dquile ...... 718 +4o0.2 W. H. WricHT atL.O. [Ibid., IX, 50. 1899

SCephei ....... 5.37 —0.2 = A. BeropoLsky at Pul- Ibid., I, 160, 1895
kowa.

I Sagittarii .. 7.60 +o.1 R. H. Curtiss at L. O. [Ibid., XXII, 274, 1905

T Vulpecule .. 4.44 —o0.3 S. ALBRecHT at L. O.  This article

Y Ophiuchi ... 17.12 + 1.3% S. AusrecHT at L. O.  This article

U Aquile ..... 7.02 + 0.5 S. Auerecut at L. O.  Not published

X Sagittarii 7.01 +03=* J. H. Moore at L. O.  Not published

S Sagitte ... ... 838 0. = R. H. Curmiss at L. O. L. O. Bulletin 62

SUCygni ..... 385 +o0.5* J. D. Mabpriee at L. O, Pub. A. 5. P., XVIIL,

252, 1906

exist. If the light is sent out equally in all directions from the
variable star, the positions of light- and velocity-maxima and
minima should bear no special relation to each other, for the
brightness would be independent of the direction from which the
star is observed, while the radial velocity at any instant is de-
pendent upon the direction of the observer. For different stars
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we should, therefore, expect the two curves to be shifted by dif-
ferent amounts relatively to ‘each other around the period.
For some stars greatest positive velocity would come at light-
maximum, in others at light-minimum, and in most cases at
other points along the light-curve. The table of the ten vari-
ables of this class for which both light- and velocity-curves are
available shows that light-maximum and most rapid approach
always occur together. Likewise, there is a time-correspond-
ence - between minimum brightness and greatest velocity of
recession. We should therefore also expect that when irregu-
larities' exist in both light- and velocity-curves, they will cor-
respond to each other in position and perhaps also in shape.
Of the ten stars in the above list only two have thus far shown
marked irregularities in both light- and velocity- curves. They
are W Sagittarii? and Y Ophiuchi; and for these the irregulari-
ties in the two curves correspond very closely.

This establishes the fact that in the variable stars of the
8 Cephei type the light- and velocity-variations are very inti-
mately connected; that both are due to the same causes; and
that, if the velocity-variation is dependent upon the direction
of the observer, so also must the observed light-variations be
dependent upon the same factor.

At present the best theory for this class of variables seems
to be that they are binaries, in which one of the component
stars is considerably brighter than the other. The observed
velocity-variation follows mainly as a direct consequence of the
orbital motion of the brighter component. The light-variation
seems to be caused in some way (other than eclipse) by the
influence of the darker companion. The very close corre-
spondence between the light- and velocity-curves in regard to
period and shape, and the agreement of the times of occurrence
of maximum brightness with greatest velocity of approach and
minimum brightness with greatest velocity of recession, would
indicate that the light-variation is not so much dependent upon
the position of the brighter component of the system in its
orbit as upon the direction from which the star is observed.
This would ascribe less direct influence to the darker com-

1 All the irregularities observed in the brightness- and velocity-curves of the stars
contained in the table fall between light-maximum and light-minimum, except in the
case of { Geminorum.

2 dstrophysical Journal, Vol. XXII, 274, 1905.
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panion in the matter of liberating an unusual amount of energy
in a certain part of the orbit, most likely a small fraction of the
period after periastron passage. Dr. CAMPBELL has called my
attention to the fact that the Algol variables, which are binaries
of even shorter average period than the 8 Cephei variables,
show no evidence of light-variation other than that caused by
eclipse, and that the apparent failure of two Algol components
to disturb each other should make us careful in ascribing the
total observed effects in & Cephei variables to the mutual dis-
turbing powers of the components. Most of the eclipse vari-
ables have earlier-type spectra (B, 4, and F) than the variables
of Class IV. It is not impossible that in close binary pairs
having the simpler types of spectra (Algol variables) the
mutual disturbances are less effective in producing brightness-
variations than in close pairs having older types of spectra

(8 Cephei variables). S. ALBRECHT.

ON THE DisTorTIONS OF PHOTOGRAPHIC FILMS ON GLASS.!
Introduction.

In various lines of astronomical research depending upon
photographic plates, discrepancies of a considerable magnitude
occasionally appeaged, which seemed attributable to no definite
cause. On the star-photographs taken with the Crossley re-
flector these occasional discrepancies, which seemed to be more
or less accidental, usually amounted to a few tenths of a second
of arc, and very rarely to as much as a second of arc, which
is equivalent to a linear distance of about 0.001 inch (0.02™®).
Even though discrepancies are the exception rather than the
rule, and discrepancies of the magnitude referred to above are
extremely rare, nevertheless they cause considerable annoyance
when extreme accuracy is desired. for the error of measure-
ment need not much exceed 0.001™™. It seems highly desir-
able definitely to locate, if possible, the cause of the difficulty.
In the case of the Crossley star-photographs it seemed for a
time as though the cause must be sought for in the large mirror
of the telescope. Another alternative was the study of the
photographic film itself. Accordingly, in the winter of 1904,

t Thesis in partial fulfilment of the requirements for thc degree of doctor of
philosophy in the University of California. A more complete account is published
in L. O. Bulletin, No. 118, and in the Astrephysical Journal, Vol. XXV, 349, 1907.
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at the suggestion of Director CAMPBELL and Dr. PERRINE,
the writer undertook an investigation of the distortions of the
gelatine film.

The more important features of the plan upon which my
work was begun were investigations of the effects of (a) the
position of the plate during the processes of washing and dry-
ing, (b) the rate of drying, (c¢) abrupt changes in the rate of
drying during the process, (d) change in the position of the
plate while drying, (e) hardener. Emulsions on plate-glass
were also tried. JEWELL's developer was used, and the plates
were 3% x 4% inches (83 x 108™®) in size, the same as are
used with the Crossley reflector.

Summary of Results.

1. For the size of the plates used (3%4 x 4!4 inches) it was
found to be entirely indifferent whether the plate be vertical or
horizontal during development, fixing, washing, and drying.

2. Within the range of the observations, hardener, the rate
of drying, and changes in the rate of drying and in the posi-
tion of the plate during the process of drying introduced no
general distortions of the gelatine film.

3. Local distortions were found on artificial-star plates and
on spectrograms. These distortions were canfined in each case
to an area equal to a small fraction of a square millimeter. The
largest lateral displacement found at any point in the distorted
area was 0.02™, while the great majority were less than one
fourth of this amount. Some of these displacements are sev-
eral times as large as the errors of measurement, and their
possible effects must be taken into account where great accu-
racy is desired. .

4. These distortions seem to be principally of two different
kinds: one was due to an actual movement of a minute portion
of the film, the other was an apparent shift of the image due
to the peculiar arrangement of the silver grains or to local
differences in the sensitiveness of the film.

5. The results obtained from one plate-glass plate showed no
advantages of the plate-glass over the ordinary commercial
plates in the matter of distortions of the film.

6. If the results obtained in this investigation for small plates
be found to apply with equal force to larger plates, it will
follow that the assumption which is the basis for the use of
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the reseau is not well founded. The assumptions involved,
briefly stated, are as follows: First, general distortions exist;
second, they differ in different parts of the plate; third, they
may be assumed to be linear within the squares of the reseau
(i. e. over a stretch of 5™ or more). The supposed advantages
of the reseau over the method of referring all the measures to
a common center rest entirely upon the validity of these three
assumptions. If the reseau can be dispensed with there will
be a saving of the labor involved in making the large number
of settings on the reseau-lines and in the reductions of the
measurements. S. ALBRECHT.

Lick OBServAaTORY, UNIVERSITY OF CALIFORNIA,
May, 1907.

* NEwW DoUBLE-STAR DISCOVERIES.

Since the publication of the list of two hundred and fifty
new double stars in Lick Observatory Bulletin, No. 109, more
than one hundred additional pairs have been discovered with
the 36-inch and 12-inch telescopes of this observatory. In-
cluded in this number are the following, which seem worthy oi
special note :—

29 Hydre = B 590. The 36-inch shows that the principal
star is a close double. My measures are:—

1907.21 182°8 0”17 72-72 2n A and B.
1907.21 175 4 10.79 67-125 2 A B and( =8 500.

According to BurNHAM, the principal star has an annual
proper motion of 0”.068 in 268°.3. It is clear that this is
common to both components, for otherwise the close pair would
have been detected by BurNHAM when he discovered the faint
star. Measures of C show no relative change, hence this star,
too, belongs to the system.

B. D. 4 46°.2054 = Es. 75. The southern star of EspIN’s
pair is a neat double. My measures give:—

1907.40 275°7 0763 9798 3n A and B. .
1907.39 35 .6 4 .39 9.2-9.3 2 A B and C = EsriN 75.

In Astronomische Nachrichten, No. 3784, EspIN gives the
position for 1880 as 12" 15™.9; + 46° 29, and this is copied
by BURNHAM in his general catalogue. It should be 15" 15™.9;
+ 46° 29".

53 (u?) Boodtis. The 36-inch telescope shows that this
naked-eye star is an exceedingly close double. Measures on
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two nights give the distance as only 0”.08 in position-angle
237°.0. In the Harvard photometry the magnitude is given
as 4.93, and the two components appear to be of equal bright-
ness. Meridian observations show that the star has a small
but well-determined proper motion, and it is therefore obvious
that the two components form a physical system. It may be
added that 52 and 53 Bodtis form a close pair when viewed
without a telescope.

B. D. 4 15°.4181. This 6.5-magnitude star is another exam-
ple of the close pairs detected with the 36-inch telescope.
Measures on one night give :(—

1907.519  324°.3 0”.16  7.0-7.0
It is certain to prove a binary system, and it is a member of
the class to which most of the rapid binary stars belong. Ac-
cording to AUWERS, the meridian observations give it an annual
proper motion of 0”.068 in 297°.4.

B. D. + 52°.2963 = B 370. The 36-inch shows two com-
panions which are too faint to be seen with any telescope pre-
viously used to measure BURNHAM’s pair. My measures are :—

1907.44 326°5 3".30 80-90 28 A and B =38 370.
100744 3490 2.20 90-145 2 B and C.
1007.44 239 .5 7 .30  9.0-14.5 2 B and D.

July 22, 1907. R. G. AITKEN.




GENERAL NOTES.

Astronomy in Canada.—During recent years the claims of
astronomy as a subject for study and research have received
marked recognition in Canada. The most striking evidence of
this is seen in the fine observatory erected by the federal gov-
ernment on the outskirts of the capital, Ottawa. It was begun
in 1902, and occupied in April 19o5. The building is a hand-
some and substantial one, constructed of gray sandstone with
brown sandstone trimmings, and finished within in polished
oak. The equipment is of the highest grade. The chief instru-
ment is a I15-inch equatorial by BRASHEAR and WARNER and
SwasEY, and among its accessories are a position-micrometer,
a registering wedge-photometer, a solar camera, a stellar cam-
era of 8-inch aperture, and a universal spectroscope by
BrasHEAR. A Spectrograph for determining radial velocities
has been made at the observatory workshop, and performs
admirably. In addition, there is a portable Cooke-Taylor equa-
torial of 4%%-inch aperture; a coelostat with 20-inch mirror; a
concave-grating spectroscope of 10-foot radius of curvature; a
Fuess heliostat; a 3-inch Cooke transit instrument with travel-
ing-wire micrometer eye-piece; a Bosch seismograph; and a
6-inch meridian-circle is being installed.

The observatory is not connected with any educational insti-
tution, but is the official home for astronomical work of the
Canadian federal government, the director being Dr. W. F.
KingG, the Chief Astronomer of the Dominion.

At present a geodetic survey of the country is under way,
being carried on chiefly by Messrs. KiNg, BIGGER, and Krorz,
while there is much activity in astrophysical research, this be-
ing in charge of Mr. J. S. PLASKETT.

At the University of Toronto there have been improvements
in the teaching of astronomy, and better facilities for practical
instruction and research are under consideration. At present
the students in engineering are fairly equipped for geodetic
work, while the students in arts have the privilege of using
the 6-inch Cooke equatorial and the 3-inch transit instrument
belonging to the Dominion Meteorological Observatory, besides
receiving some instruction in astrophysics. It is intended to
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erect a new observatory in the immediate future. The plans
are not yet drawn, but as the new Board of Governors, created
last year, are desirous of seeing the university rank with the
best in America, it is expected that the equipment will be
adequate both for ordinary instruction and research.

Another indication of progress is seen in the success of the
Royal Astronomical Society of Canada. The society was
founded in 1890 (under another name), and all through its life
has received enthusiastic support. The headquarters are in
Toronto, but during the last year sections of the society were
organized in Ottawa and Peterborough, and several more are
under way. In this manner it is hoped to excite interest in the
subject in various localities. For some years the Ontario gov-
~ ernment has given an annual grant, which allowed the issuance
of an annual volume of Transactions; but a year ago the
federal government also gave a grant, and by its assistance a
Handbook for observers was published, and a bi-monthly
Journal was also inaugurated. It is hoped to secure further
support and make the Journal a monthly publication, and it
is the aim of those in charge of it to make it a credit to Cana-
dian science. The membership of the society is about four
hundred. C. A. CHANT.

Variation of Latitude.—Yrom the annual report of the Cen-
tral Bureau of the International Geodetic Association it ap-
pears that the number of latitude determinations made at the
various stations established for the purpose of determining
the variation of latitude gives a total for 1906 of 12,153, dis-
tributed as indicated in the first column of the tabulation given
below. The total number of observations made from the time
the stations were established, fall of 1899, to the beginning of
1907 is 87,264, distributed as indicated in the second column
of the table.

1906. Total.
At Mizusawa ........... 1.685 11,718
Tschardjui ........... 1.876 12,920
Carloforte ........... 2879 22,530
Gaithersburg ......... 1,954 12,741
Cincinnati ........... 1.409 10,974

Ukiah ............... 2,350 16,381
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It is learned from the same source that observations were
begun during 1906 at the two stations on the southern paral-
lel; on January Gth at Bayswater (West Australia), and on
May sth at Oncativo (Argentine Republic). Good progress
was made at both stations, observations being obtained at a
rate of over two thousand a year. The observatories at Leiden,
Pulkowa, and Tokyo also co-operate with the International
Geodetic Association and make continuous observations for
latitude. Since the beginning of 1907 observations are being
made also by Mr. INNEs, at the observatory in Johannesburg,
South Africa.

Since the appearance of the last number of these Publications
provisional results for the latitude work on the northern par-
allel in 1906 have been published by Professor ALBRECHT, in
the Astronomische Nachrichten, No. 4,187. The amplitude of
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the polar motion continued to decrease during the year, as
may be seen by reference to the accompanying illustration,
taken from the number of the Nachrichten mentioned above,
and showing the motion of the Earth’s north pole from 1899.9
to 1907.0.

It will be seen from the figure that the position of the pole
at the beginning of 1907 is very close to the position first
determined when the observations were begun, in the fall of
1899. With reference to the motion of the pole, Professor
ALBRECHT says: “Now that we have before us the results of
seven years of observations, it becomes evident from them that
the assumption of a yearly term and one of fourteen months’
period is no longer sufficient to adequately explain the observed
path of the pole.” S.D. T.

Comet 1894 IV .—In Bulletin No. 12 of the Laws Observa-
tory of the University of Missouri, ’rofessor SEARES presents
some of the results of his investigation of the orbit of periodic
Comet 1894 IV (E. SwiFT).

All the observational data were secured during the comet’s
traversal of a heliocentric arc of 39° in 1894-5. It would
undoubtedly have been seen again in 1901 under ordinary con-
ditions, as account was taken® of the perturbations of Jupiter,
Saturn, Earth, and Mars over the seven years. But at its
maximum brightness, in 1901, it was fainter than when it
passed beyond the power of the 36-inch Lick refractor in
January, 1895,—unless some physical change had radically in-
creased its intrinsic brightness. According to the schedule, it
has just come to perihelion on another return, and should be
rather brighter than at discovery in 1894. Professor SEARES
has computed two ephemerides, one assuming the computed
perihelion, July oth, and the other assuming perihelion six-
teen days later, throwing the comet about 10° back in its pre-
dicted orbit. The uncertainty is due to the meager observa-
tional material, and to the large perturbations by Jupiter in
1897, when the comet was within half an astronomical unit
of the great planet for over six months. Professor SEAREs has
therefore neglected the comparatively slight perturbations in
the interval 1900-1907, during which there was no close ap-
proach to any of the major planets.

1 dstron. 1\";("!., No. 3656.
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the orbit of Jupiter. The exact day of the next passage cannot yet be
given; indeed, since all computers have used some approximations to
simplify the work, we must be prepared for an error of a few days
in any prediction.

“Photographs of the Sun were obtained at Greenwich on 210 days,
and these were supplemented by others taken in India and Mauritius,
so that only one day in 1906 is without a photograph. A new departure
has been made in the method of publishing the solar results, which
should be a great convenience to solar physicists. As soon as the series
of plates is complete, rough values of their positions and definitive
numbers and descriptions of the groups are now published month by
month in the Obserrvatory, a magazine edited by members of the staff.

“The astronomer-royal again alludes in his report to the danger
caused by the electrical generating station. The committee of three
appointed to inquire into the question presented a report to Parliament,
in which they made several recommendations as to the manner of work-
ing the station. ‘If all these are strictly carried out it may be hoped
that the work of the observatory will not be seriously interfered with,
though further experience when the generating station is completed
and in full work may modify this view.” It is found that the vibration
trouble may be overcome by using a very thin film of mercury in the
trough for reflection observations, but it is feared that the vibration
of the instrument, which is undoubtedly going on, may impair delicate
work, such as the measurement of close double stars. The danger from
smoke and heated air is more insidious, for it is not possible to prove
it by immediate statistics; it will be shown only by the gradual deteri-
oration of the observations of low north-stars.




REVIEW,

BURNHAM'S GENERAL CATALOGUE OF DOUBLE
STARS:!

By Eric DoOLITTLE.

For several years all astronomers interested in double-star
observation have been anxiously awaiting the appearance of
this great work. It has long been known that Mr. BURNHAM
had at enormous labor formed a complete record in manuscript
of practically every double-star measure ever made, and that
he had kept this continually posted to date by the addition of
each new discovery and measure as it was published. His own
account of the need he felt for such a work when he first began
his long list of discoveries, and of how he proceeded to obtain
it, is found in the “Introduction to the General Catalogue of
1290 Burnham Stars.” When the last sentence of this account
is duly weighed I think it will be admitted that there are
indeed few who would have had the courage to undertake so
extensive a labor, and still fewer who, having begun it, would
have carried it to a successful conclusion.

“The want of a single catalogue of all double stars visible in the
northern hemisphere was very manifest soon after the commencement
of the observations with the 6-inch refractor. Many pairs were picked
up on every good night which it was desirable to identify with as little
loss of time as possible. If wanting in Struve, Herschel, and other of
the old catalogues, they might still be known pairs, and it was unsafe to
assume that they had not been before observed without a careful exam-
ination of minor lists, catalogues, and observations of various kinds
scattered throughout a large number of volumes issued by observatories
and societies, periodicals, handbooks, and monographs printed in the
last hundred years. I was thercfore compelled, in the interest of my
own work, to bring this material together and arrange all the pairs
in order of right ascension in a general catalogue. In this way I
made a manuscript catalogue of every known double star within 121°
of the north pole, giving the details of measures, magnitudes, star-cata-
logue references, etc. With this at hand, it was but a moment’s work
at the telescope to identify any known object, and to decide at once
whether or not an object thus found was really a new pair. This
catalogue subsequently passed into a second manuscript edition. This

' A General Catalogue of Double Stars within 121° of the North Pole, by S. W.
BurNHAM. 2 vols. 4to. pp. Ixiii+ 1086. The Carnegie Institution of Wash-
ington.

/
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served the'purpose for a good many years, but the time came when
the manuscript became too crowded by the interlineation of stars
discovered by myself and other observers, and by the addition of a
great number of references to measures and observations, and then I
undertook the preparation of a third manuscript edition, which was
arranged in the proper form for printing, with ample space for new
stars and new observations, and giving a brief statement or discussion
of the character of each pair of any general interest. This catalogue
is substantially bound in twelve volumes. Very few will fully appre-
ciate the enormous amount of hard work which has been necessarily
expended in the preparation of such a work. Whether it will ever
assume other than the present manuscript form remains to be seen.
It should be remarked in this connection that, with the exception of the
four years 1888-1892, all of this astronomical work, with the telescope
and otherwise, has been done when eight or more hours of at least six
days in the week were more or less occupied with other and very
different affairs of life.”

This manuscript catalogue was the only work of its kind in
existence. Since its formation nearly all double-star observers
have been indebted to Mr. BurNHAM for his willingness not
only to compare their discoveries and measures with it, but
even to copy out for them long lists of stars on which meas-
ures are needed. It has long been felt by many that in no
direction could money be more profitably spent for the advance-
ment of astronomy than in securing the publication of this
catalogue. This has now been accomplished; the work ap-
pears as Publication No. 5 of the Carnegie Institution of
Washington.

The great value of the catalogue lies not so much in its use
to the searcher for new pairs—though to him it is almost
indispensable—but more especially in its help to the measurer
of known pairs. It should wonderfully increase the efficiency
of all double-star work in this direction for many years to
come. Without it the preparation of an observing-list has
been a long and unsatisfactory undertaking. The observer
began by forming a preliminary list of perhaps eight hundred
or a thousand stars, which on account of their neglect or mo-
tion scemed to require remeasurement. The next step was to
go over all the scattered measures in the books and journals
which were accessible to him and to strike off one after another
each pair which proved to have bcen adequately measured
elsewhere. Irom the preliminary list he was fortunate if three
hundred or four hundred stars remained to constitute his final
working list, and unless the libraries to which he had access
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and 40 Eridani be rejected as of no interest, but these two
attendants, each of which is a faint binary of comparatively
short period, would both be excluded also.

The first volume contains the position of each star reduced
to 1880.0, and the date, position-angle, distance, and magni-
tudes at the time of the first measure. For fully ninety per
cent the identification is given; many of those in which this is
omitted are too faint to be found in any of the catalogues.

The second volume gives a sufficient number of selected
measures to show the character of motion in each pair, and in
addition to these the complete references in each case to every
measure which has ever been made on it and to all important
notes and papers relating to it. The latest values of the proper
motions of the principal stars are also included. Mr. BurN-
1AM is decidedly of the opinion that when many good measures
are available the more uncertain ones should be unhesitatingly
rejected. He says on this point:—

“For obvious reasons only the best measures by the best observers
are selected as a rule, and those made on a single night have been
generally rejected, except when there was nothing else in point of time
to take their places. It must be clear to every one that the omission
of all indifferent and superfluous observations necessarily adds to the
value and usefulness of this work. The author has not been handi-
capped or limited in any way as to space to be used; and in the citation
of observations and in the comments relating thereto he has omitted
nothing that in his judgment would be worth giving. It goes without
saying that a large number of the published measures of double stars
should be rejected in any investigation or discussion as to the relative
motion of the components. There need be no difficulty or hesitation in
deciding as to the proper material to be used. If all the observations—
good, bad, and indifferent—are employed in the computation of an
orbit, it is certain that the value of the result will be correspondingly

impaired, and no method of treating the doubtful material will prevent
this.”

Beside this enormous labor of compilation there is a con-
densed but most thorough discussion of each pair in which
there has been change. Hundreds of new and carefully con-
structed diagrams are given in this connection. Certainly no
work could be more valuable or more authoritative than this,
It is needless to say that Mr. BURNHAM never attempts to get
out of the measures more than the material will certainly show.
Even in the introduction space is spared to emphasize the
inutility of attempting to compute orbits when the measures
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are wholly insufficient for this purpose, and in Part II not a
line is given up to speculation or to misleading computations
of future motion when this must at present be very uncertain.
For several of the pairs in which a whole revolution has been
completed the period only is stated, and for others for which
orbits have been computed it is not even asserted that the mo-
tion is orbital at all. As might be expected, Mr. BURNHAM is
equally conservative in regard to the presence of dark bodies
which have been supposed to disturb the motion of the bright
stars. That in { Herculis is not even mentioned, while the
indications of a long suspected third body in F 70 Ophiuchi are
believed to be equally well explained by the ordinary errors of
observation.

When this great mass of material is examined Mr. Burx-
HAM finds the following general results: There are eighty-
eight pairs for which orbits have been computed, of which,
however, only thirty-four can be regarded as of any value.
There are ninety-four systems which are certainly binary.
There are 112 pairs which are probably binary, and thirty-eight
pairs in which the two stars have different proper motions, as
in the well-known system 61 Cygni. There are 585 pairs hav-
ing common proper motion and 337 in which, from merid-
ian-circle observations, proper motion has been observed in
the principal star. Thus of the entire list of 13,665 stars there
are but 879 for which a physical connection can at this time
be inferred. ,

No discussion is attempted of the distribution of these stars
on the sky, nor is any attempt made to theorize on the construc-
tion and extent of the stellar universe. While the discoveries
and measures are still both so incomplete, it is the belief that
all such generalizations are idle and useless. Mr. BurRNHAM
strongly emphasizes the fact that what is wanted now for the
advancement of double-star astronomy is not theories and
speculations, or even extensive computations, but only careful,
prolonged, and systematic observations with the telescope. It
cannot be doubted that a great impetus will be given to obser-
vations in this important branch of astronomy, and that their
value will be exceedingly enhanced by the publication of this
monumental work.

FLowERr OBSER\'AT')RY, UNIVERSITY OF PENNSYLVANIA.
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MINUTES oOF THE MEETING OF THE BOARD OF DIRECTORS HELD
AT THE STUDENTS' OBSERVATORY, BERKELEY, ON

JuLy 13, 1907, AT 7:30 P. M.

President CusHING presided. A quorum was present. The minutes
of the last meeting were approved.

The following new member was duly elected :—

Mrs. W. B. CUNNANE........ 1327 De la Vina St., Santa Barbara, Cal.

The Treasurer reported that, by order of the Finance Committe=,
the following bonds had been bought and paid for from the savings
bank deposits, viz.:

Alexander Montgomery Library Fund (from Security Sav-
ings Bank), Contra Costa Water Company $1,000 Gold
Bond No. 1605......ccvviiiiiiiiiiiii e iiiiiinenann. $1,035.00
(Interest January and July; principal due January 1, 1915.)
Wwm. Alvord Fund (from Savings and Loan Society), Contra
Costa Water Company $1,000 Gold Bond No. 1666...... $1,035.00

(Interest Jantary and July; principal due January 1, 1915.)

Several replies to the circular letter concerning the library were
read. Among other contributions to the library were two of cash. It
was moved, carried, and ordered that these cash contributions be re-
ceived, the money thus acquired to be expended for books, to be
inscribed as the gift of the donors of said cash contributions.

The following publications were ordered placed upon our exchange
list :—

The American Astronomer.

The Journal of the Royal Astromomical Society of Canada.

Replies, acknowledging wijth thanks the receipt of the award of the
Donohoe comet-medal, from Dr. Aucust KopFF, Rev. JoEL H. METCALF,
and Mr. Davip Ross, were read.

Profcssor R. G. AITkEN, of the Lick Observatory, was elected Sec-
tetary at Mt. Hamilton for the unexpired term.

Upon motion it was

Resolved, That the Committee on Publication be authorized to reprint the By-
Laws, the Bruce Medal Statutes, and the Donohoe Comet-Medal Statutes.

Adjourned. .
MINUTES OF THE MEETING OF THE ASTRONOMICAL SOCIETY
OF THE PACIFIC HELD AT THE STUDENTS’ OBSERVATORY,

BERKELEY, ON JULY 13, 1907, AT 8 P. M.

President CUsHING called the meeting to order, and introduced the
lecturer of the evening, Professor R. T. Crawrorp, of the Berkeley
Astronomical Department, who read a paper on “Our Debt to As-
tronomy.”

The Society was very fortunate in having present Professor SiMmon
NewcoMs, to whom (in 1897) the first award of its Bruce Medal was
made. After the lecture by Professor CrRawrorDp, Professor NEWcOMB
was introduced and cntertained the Society with a most pleasing
informal address. At the closc of the meeting the members availed
themselves of the privilege of meeting Professor Newcoms.

Adjourned.
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RECENT CHANGES AT THE OBSERVATORY OF
THE D. O. MILLS EXPEDITION.

By Ieser D. Currtis.

When Mr. MiLLs provided for a continuation of the work
of the D. O. Mills Expedition to the Southern Hemisphere
for five years a number of improvements in, and additions
to, the equipment were decided upon by Director CaMPBELL,
many of which had been suggested as desirable by the experi-
ence of Professor W. H. WriGHT and Dr. H. K. PALMER
during the course of their two-year period of work in Chile.
It is the purpose of this paper to describe a number of the
changes in the equipment which have been made since March,
1906, the date when Professor WRIGHT returned to the United
States, and the writer assumed charge of the station. Many
of the minor improvements are not of such magnitude in
themselves as to warrant extended notice; but if one takes
into acoount the difficulty of accomplishment of all such alter-
ations and additions on a hilltop not too easy of access, in a
distant country, and without skilled labor, it can easily be
realized that they have cost considerable effort. Mr. GEORGE
F. Paobpock, formerly Fellow at the Leander McCormick
Observatory of the University of Virginia, arrived in San-
tiago on August 2, 1906, and has taken an active part in
the installation of all improvements made since that time.

A small building, about fourteen by seventeen feet, was first
built, about thirty feet to the south of the observatory dome.
It contains a workshop and two small sleeping-rooms for the
observers. The observatory is located 860 feet above the city
and about -one mile distant from the homes of the observers.
This daily or nightly climb is a matter of much less bodily
strain than would be thought,—after one is well hardened
to it,—but there is no change which has contributed more to



228 Publications of the

the comfort of the observers than the ability to be able to
“turn in” immediately after a night’s work. In the workshop
have been placed a 12-inch Star engine-lathe of the new
heavy model made by this company, a grinder-head, a work-
bench, and an extensive collection of small tools, as well as
a refrigerating machine, to which reference will be made later.
The machinery is driven by a one-horsepower electric motor
fastened near the ceiling. The electric line from the city to
the observatory was in part rebuilt and extended to commect
with the circuit of the city’s lighting system, and wires were
also strung for telephone communication between the observ-
atory and the writer’s home at the foot of the hill.

Professor WRIGHT had found the motion of the 3y-inch
reflector in declination a very difficult one. The axis was of
steel, finely ground at the bearing surfaces, and running in
babbitt, but such was the weight of the moving -parts (about
two tons) that much effort was necessary to set the telescope
moving in this component. The force required to start the
motion averaged fifty to one hundred pounds on the end of
a 6.1-foot lever, depending upon the hour-angle of the tele-
scope. After consultation with the makers of the mounting,
designs were drawn for roller bearings in each of the
declination pillow-blocks, and a ball thrust bearing at the block
farthest from the telescope-tube, lack of space preventing its
use at the bearing nearest the tube. The new bearings are
of the frictionless tvpe manufactured by the Anti-Friction
Roller Dearing Company, of Los Angeles. As this company
did not have the facilities for making such large bearings as
were required in this case, free use of their patent was cour-
teously granted by them to the makers of the mounting, the
Fulton Engine Works, of Los Angeles, for the construction
of the roller hearings for the Mills reflector. The system
for each bearing consists of tool-steel carrying-rolls three
fourths of an inch in diameter, with an equal number o}
alternating smaller rolls, whose only function is to obviat <
the sliding friction between the larger carrying-rolls. Themr—¢
being nothing but rolling contacts, no lubricant is necessar ==
Steel rings one fourth of an inch square, fitting into groove=
at cach end of the rolls, are screwed to the axis, and, wit=
similar holding rings outside the roller group fitting in tF=
same grooves, serve not only to prevent end-motion in tH®¢
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rolls, but to keep the smaller intermediate rolls in their correct
positions. The rolls are eight inches long on the inboard,
and five and a half inches on the outboard bearing. For the
thrust a strong tool-steel sleeve was made to fit over the
declination axis and a tool-steel bearing-ring provided to fit
into a shallow recess in the outboard bearing. Between the
two steel surfaces there moves freely a bronze ring pierced
with seventy-two apertures, each of which contains a half-inch
steel ball. The actual work of boring out the heavy bearing-
blocks from six and a half to eight inches diameter and
recessing the outer block for the thrust-ring was done on the
observatory's lathe. The results have proved very satisfac-
tory, the ease of motion being remarkable. It now takes,
at a distance of 6.1 feet from the center of motion, but six
to nine pounds to start and maintain the motion in declination
at all ordinary hour-angles, and only sixteen to nineteen
pounds in the extreme case when the telescope is at six hours
hour-angle directly over the polar axis. It is now quite easy
to move the telescope in declination while looking through
the finder with the hand on the corner of the cube only two
and a half feet from the center of the declination axis pro-
duced. With a centrally hung refractor-tube of the same
weight and an available leverage of fifteen to eighteen feet,
the very slight effort required to move the tube might even
be a disadvantage. The responsiveness of the declination
slow motion has likewise greatly improved.

The Cassegrainian system of the 37-inch Mills reflector
has from the beginning been subject to progressive focal
changes in the first half of the night. These changes were
always in the direction of increasing focal length, it being
necessary gradually and continuously to increase the focal
length of the telescope during the first four or five hours of
the night by amounts which reach totals of fifteen to twenty-
five millimeters. It was decided to try artificial cooling of the
mirror, in the hope that by reducing in advance the mirror
temperature to that of the night these progressive focal
changes might be greatly reduced or destroyed entirely.

As a preliminary to the testing of the refrigeration the
ventilation of the mirror in its cell was bettered. The great
mirror has a clear aperture of 36.56 inches, is 5.5 inches thick
at the center, and is pierced by a central hole 4.87 inches \n
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diameter. The cast-iron cell is about one half inch in thick-
ness; at the center of the back is a hole 8.5 inches in diameter,
which was formerly generally kept closed with a cast-iron
filler disk having a two-inch aperture for the passage of the
light to the spectrograph slit. Aside from this aperture, and
a few small ones for the adjusting screws of the mirror
supports, the only other ventilating opening in the ironwork
about the mirror was a small window six inches square cut
in one side of the cube just above the mirror. The mirror
cover, which had formerly rested nearly in contact with the
mirror, was moved fourteen inches up the cube; the cube
window was enlarged to six by sixteen inches and a similar
window cut on the opposite side of the cube. Six holes, each
5.2 inches in diameter, were cut in the iron back of the cell,
and the use of the filler-plate discontinued. The ventilating
area at the back of the mirror is thus now about one sixth of
the area of the mirror.

During the past observing season record has been kept of
the focal changes, and as a result of the study of these, in
connection with the temperature variations, the. following
general conclusions have been drawn with reference to the
behavior of the mirror system without artificial cooling :—

(1) The increased ventilation about the mirror has only
slightly reduced the focal range in the first part of the night,
the average under normal summer observing conditions being
about fourteen millimeters. A position of focal equilibrium
is probably reached somewhat earlier, all focal change ceasing
as a rule by four hours after sunset.

(2) Silvering the back of the mirror, as recommended by
Professors WansworTH and RITCHEY, has had no appreciable
effect in reducing the focal range. Insulating the sides of
the hole in the primary mirror with blanketing has also been
without effect.

(3) The focus of the system after equilibrium is reached
seems not to vary noticeably for different temperatures.

(4) The focal changes have their origin in the large mirror,
and not in the secondary; this has been shown by tests on a
number of nights by star-trails on an inclined photographic
plate at the focus of the primary. These.showed a progressive
lengthening of the focus of the main mirror by amounts
ranging from 1.2™™ t0 2.2™® As a focal change in the
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primary produces 10.1 times as much change in the focus
of the entire system, these results are seen to be in good
accord with the ranges secured for the system as a whole.
Similar tests on two evenings exposing alternately the inner
and outer portions of the primary showed that the outer ring
was about 1.2™™ shorter focally than the inner zone, a differ-
ence which vanished in similar tests made in the morning hours.

(5) The relation connecting the focal changes of the mirror
with the fall in external temperature is apparently a very
complex one, many factors entering in. Frequently a drop
of 2° C. between the temperatures of afternoon and early
evening will cause as great a focal range as a drop of 6° C.
In general, the rapidity with which a temperature change takes
place seems to be of greater effect than its absolute magnitude.

The system of refrigeration employed is the direct anhydrous
ammonia method. The machine is the smallest of the regular
commercial sizes of isolated cooling plants manufactured by
the Brunswick Refrigerating Company, of Brunswick, N. J.
It requires one horsepower to run it and the pump used for
water circulation, and is rated by the manufacturers as having
a capacity equal to that of the melting of one hundred pounds
of ice per day. It is located in the shop forty-eight feet from
the telescope pier, to one side of which are attached the
cooling coils, three feet by two feet by six inches, of one-inch
piping, and well insulated from the pier. The coils are con-
nected with the ammonia machine by a double line of piping
of one-fourth-inch bore, insulated with cork and felt. In use
a removable wooden case lined with thick felt is rolled into
position about the telescope; this case contains about eighty-
five cubic feet and insulates from the outside air the spectro-
graph, mirror, and lower half of the cube. Two electric fans
keep the air in the case in constant circulation. The refrig-
erating machine is entirely automatic in its action, and no
difficulty is found in reducing the temperature within the case
by 5° or 6° C. in a run of one hour and a half. After some
experiments, the following procedure has been found most
advantageous. Refrigeration is started about three hours
before sunset and the temperature at the mirror reduced
about 5° C. The case is removed from the telescope about
forty minutes before sunset; at this time the outside tem-
perature is falling rapidly, and the mirror, at least in its outer
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portions, is colder than the air. Equilibrium is reached by
sunset, or very shortly after, when focal tests almost invariably
show the same value of the focus as that at which it had been
left at the time of closing work on the night before. Focal
changes are either entirely absent or small, being rarely
greater than five millimeters. Sudden changes in the night
temperature still produce focal changes of small amount.
Fortunately the average temperature gradient during normal
summer nights on Cerro San Cristobal is very regular; on
quite a proportion of nights when cooling has been used there
has been no focal change during the entire night.

The change in the source of electric power rendered neces-
sary the complete rewiring of the observatory, and use was
made of this opportunity to arrange all the circuits used in
the spectroscopic work in a switchboard on the front of the
pier. To this switchboard come, underneath the floor of the
dome, a circuit from three primary cells used with the relay
for the heating of the spectrograph case; a circuit from four
storage-batteries, held in reserve for the spark and used at
present only for small lights to illuminate the divided circles;
and the 220-volt circuit, used for heating the temperature
case, for lights and for the arc comparison. Arc-comparison
apparatus has lately been attached to the spectrograph, though
the spark is held in readiness for special work; for this latter
the condenser and self-induction can be cut in or out by
switches. All the electrical circuits, including the high tension
for the spark, are carried up over the axes of the telescope
to a line of binding-posts near the mirror cell, to which
flexible cord and convenient plugs are fitted, doing away
with all use of binding-posts in actual work.

A one-prism and a two-prism spectrograph have been added
to the equipment. These are arranged to attach to the steel
frame of the three-prism instrument by removing the box
containing the threc-prism train. They use the collimator,
slit, comparison apparatus, and supporting truss of the three-
prism instrument. The prism-boxes and camera-tubes of the
new spectrographs are built up of strong brass plates, the
general scheme of construction being that employed in the
remounted Mills spectrograph at Lick Observatory. Tests
have failed to show any flexure effects. The new camera-
lenses are of the Hartmann uncemented type, consisting of
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three lenses with intervening air-spaces; the total thickness
of glass traversed by the beam at the center of the lenses is
0.92 inch. The focal length of the camera for the two-prism
instrument is sixteen inches, that for the one-prism eighteen
inches. A special temperature-case fits either of the two new
instruments. The heating arrangement is similar to that of
the three-prism spectrograph, a mercurial thermostat on the
steel body truss serving for all three instruments. It is
Director CAMPBELL’s intention that radial-velocity determina-
tions in the southern sky shall be carried down to fainter stars
with ‘the new instruments, but owing to the long delay in
gaining possession of the lenses due to the congestion of
business at Valparaiso following the great earthquake, no
systematic work has yet been undertaken.

Among minor additions to the equipment may be mentioned
a new Toepfer measuring-engine and a Berolina calculating-
machine. A photographic attachment has been fitted up to
test the performance of the telescope in direct photography
of clusters and nebule.

The resilvering of the mirror has been expedited by the
building of a heavy wooden frame on wheels to withdraw
the mirror and cell, and to support the mirror during the
process of silvering. A convenient carriage has also been
built to remove the spectrograph from the telescope. A card
catalogue has been made to keep record of the results of
the work; this is on the same plan as that used at Lick
Observatory for the results from the northern sky.

Mr. MiILLs’s generosity in providing this increased equip-
ment for the work of the next five years will add greatly
to the comfort of the observers and the ease of manipulation
of the instruments, besides materially enlarging the scope
and quantity of the work. The present equipment, with spec-
trographs of one, two, and three prisms, may be considered
quite complete for general work in stellar spectroscopy and
determinations of stellar velocities, and will render the velocity
survey of the stars of the southern heavens much more
complete and comprehensive, a result of great moment in
improving our knowledge of the Sun’s motion through space,
and of the structure of our stellar universe.

Tue D. O. MiLs EXPEDITION,

Santiago, Chile, June, 1907.

.
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PLANETARY PHENOMENA FOR NOVEMBER AND
DECEMBER, 1907.

By MaLcoLM MCcNEILL.

PHASES OF THE MOON, PACIFIC TIME.

New Moon....Nov. 5, 2h 3gmp.M. | New Moon....Dec. 5, 2h22m A M.
First Quarter.. “ 12,9 14 AM. | First Quarter.. “ 11,6 16 Pp.M.
Full Moon..... “ 19, 4 4 p.M.| Full Moon..... “ 19,9 55 A.M.
Last Quarter...  *“ 27,8 21 p.M. ! LastQuarter... “ 27,3 10 P.M.

The Sun reaches the winter solstice and winter begins
December 22d, 4 p.M., Pacific time.

Mercury is an evening star on November 1st, not very far
from greatest east elongation, which it passed late in October,
but castern elongations during the last half of the year give
a very poor opportunity for seeing the planet as an evening
star. The interval between the setting of the Sun and of the
planet is less than an hour on November 1st, and diminishes
steadily until conjunction in the early morning of November
14th. At this time Mercury is in transit across the disk of
the Sun. The principal phases of the transit in Pacific time
are as follows:—

Ingress, cxterior contact, November 14, 2B 24™ A.M.
Ingress, interior contact, “ “ 2 26 A.M.
Least distance of centers 12" 38 “ 4 7 AM.
Egress, interior contact, “ “ 5 47 AM.
Egress, exterior contact, “ “ 5 50 A.M.

The planet will pass over the north half of the Sun. It will
be seen that the transit is practically over at sunrise in the
extreme western part of the country, and therefore cannot
be seen there, but the latter half of the phenomenon can be
scen from the central and eastern parts, the Sun rising after
the beginning of transit. The next transit will occur in 1914.
Transits of Mercury are of little scientific interest.

After November 14th A ercury is a morning star, and moves
rapidly out toward greatest west clongation, reaching it on
the morning of December 1st. It will then rise an hour and
three quarters before sunrise, and the interval will not be less
than an hour until some days after the middle of the month.
It will therefore be an easy object to see in the twilight on
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early December mornings. By the end of the month the planet
will not be far from superior conjunction with the Sun.

Venus is an evening star throughout the month, and shortly
after November 1st remains above the horizon long enough
after sunset to be easily seen in the evening twilight. On
December 1st the interval is a little more than an hour, and -
by the end of the month it has increased to two hours.
Although it is in the part of its orbit farthest from the Earth,
it will be a conspicuous object in the evening twilight.

Mars, although it has lost very much of its brilliancy, is
still a conspicuous object in the southwestern sky in the
evening. During November and December it changes its
time of setting only twenty-four minutes, from 11® 11™ P.M.
to 10t 47™ p.M. It moves 38° eastward and 16° northward
from the middle of Capricorn through Aquarius into Pisces.
On the morning of December 31st it is in conjunction with
Saturn, passing 1° 50’ north of that planet. During the two
months its distance from the Earth increases from 85 to 127
millions of miles, and its brightness at the end of the period
is less than one half of that at the beginning, but it is in a
region barren of bright stars, and there will be no difficulty
in identifying it. Satfurn is the only bright object near, and
its dull yellow color distinguishes it easily from the ruddy
color of Mars.

Jupiter rises a little before 11® 30m p.M. on November 1st,
at gh 30m p.M. on December 1st, and at about 7" 20™ p.M. on
December 31st. It is therefore getting around again into good
position for evening observation. It moves about 5° eastward
and 1° southward up to the end of November, and during
December moves a little westward in the constellation Cancer.

Saturn sets somewhat earlier, but still remains in good posi-
tion for evening observation. On November 1st it sets at
about 2® 30™ A.M., on December 1st at about 12b 30m A.M.,
and on December 31st at about 10" 30m p.M. It moves
westward a little up to November 25th, and then moves
eastward, making about 1° by December 31st. It is in the
western part of the constellation Pisces. Throughout the two
months the Sun and the Earth remain on opposite sides of the
plane of the rings, and we look toward the dark face, but by
the end of December the Earth has nearly.reached the plane of
the rings once more, and they are nearly edgewise toward us.
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During January the Earth will cross the plane and be on the
same side as the Sun. This condition of affairs will then
eontinue for fifteen years.
Uranus is in the southwestern sky in the evening, setting
a little after 8" 30m p.M. on November 1st, at 6® 45@ pP.M.
-on December 1st, and at 4b 56™ p.M. on December 3ist, only
a few minutes after sunset. It will reach conjunction with
the Sun early in January, 1908. Its faintness and low altitude
will make it a difficult object to see at any time during the
two-month period. It is still in Sagittarius, and moves about
3° westward. On December 11th it is in conjunction with
Venus, the latter being 59" to the south.
Neptune is in Gemini, and rises about 9 p.M. on November
Ist and at about 5 p.M. on December 3ist.

(FIFTY-NINTH) AWARD OF THE DONOHOE
COMET-MEDAL.
The Comet-Medal of the Astronomical Society of the Pacific

has been awarded to M. Giacosini, of Nice, France, for his
discovery of an unexpected comet on March 9, 1go7.

Committee of the Comet-Medal:

W. W. CAMPBELL,
C. D. PERRINE,
San Francisco, September 23, 1907. Ciias. BURCKHALTER.

(SIXTIETH) AWARD OF THE DONOHOE COMET-
MEDAL.

The Comet-\edal of the Astronomical Society of the Pacific
has been awarded to Mr. MELLisH, of Madison, Wisconson,
for his discovery of an unexpected comet on April 14, 1907.

Committee of the Comet-Medal:
W. W. CAMPBELL,
_ C. D. PERRINE,
Sax Francisco, September 23. 1007. CuAs. BURCKHALTER.
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(SIXTY-FIRST) AWARD OF THE DONOHOE
COMET-MEDAL.

The Comet-Medal of the Astronomical Society of the Pacific
has been awarded to M. GiacoBiNi, of Nice, France, for his
discovery of an unexpected comet on June 2, 1907.

Committee of the Comet-Medal:
W. W. CaAMPBELL,
C. D. PERRINE,
SAN Francisco, September 23, 1907. CHAS. BURCKHALTER.

(SIXTY-SECOND) AWARD OF THE DONOHOE
COMET-MEDAL.

The Comet-Medal of the Astronomical Society of the Pacific
has been awarded to Zaccuteus DANIEL, of Princeton, New
Jersey, for his discovery of an unexpected comet on June 9,
1907. Committee of the Comet-Medal:

W. W. CAMPBELL,
C. D. PERRINE,
SaN Francisco, September 23, 1007.  CHAS. BURCKHALTER.
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1 HERMANN CARL VOGEL.

It is with the deepest regret that the Astronomical Society
of the Pacific has learned of the death, on August 14th, of one
of the world’s most distinguished astronomers, Geheimer Ober-
Reg. Rath Professor Doctor HERMANN CARL VoGEL, Director
des Astrophysikalischen Observatorium zu Potsdam, Germany.
His death comes as a great blow to astronomical science,
as he was one of the most industrious, resourceful, and pro-
ductive investigators, in spite of the fact that his health had
been rapidly failing during recent years. His achievements,
well-known to every student in astronomy, will serve as his
monument in ages to come. The members of the Society will
recall with satisfaction the glowing tribute paid to VoGeL
by our past President, Professor TowNLEY, at the annual
meeting in the year 1906, in bestowing upon him the Bruce
Medal in behalf of the Society.!

Those of us who had the rare fortune of a closer personal
acquaintance with him learned to admire his noble character
no less than his immortal services to astronomy. VOGEL,
first of all, was a man in the true sense of the word,
an astrophysicist next. Kind to those who sought his help
and advice, charitable in controversy with those who held
opposing views in scientific matters, loyal to his staff, gener-
ous to his co-workers, faithful and self-sacrificing towards
his students, he endeared himself to all who came in
contact with him.

It is a source of deep satisfaction to the Astronomical So-
ciety of the Pacific that in making its last award of the Bruce
Medal to VoGEL it had the opportunity of expressing to the dis-
tinguished dececased the high esteem in which his name was
held in this country. A. O. LEUSCHNER.

BERKELEY AsTRONOMICAL DEPARTMENT, Oct. 2, 1907.

1 Address of the Retiring President of the Society in Awarding the Bruce Medal
to Geheimer Ober-Reg. Rath Professor Doctor HErMany Cart Vocir. By Sipxey
Deax TowNLEY. Publications A. S. P., Vol. XVIII, No. 107.
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3. Most of the lines are slightly widened.

4. The wings of diffuse lines are greatly reduced.

5. In agreement with HaLM, most of the lines are shifted

toward the red.

6. The amount of the shift varies for different lines of the

same element.

7. The lines of the ultra-violet cyanogen fluting are not

shifted.

In general, while the results so far obtained point to in-
creased effective pressure near the limb (HaLMm’s explanation)
as the probable cause of the line-shifts, judgment is reserved
until the completion of laboratory experiments now in progress.

September, 1907. GEORGE E. ITALE, and WALTER S. Apawms.

PRELIMINARY ProToGrAPHIC MAP oF THE SuN-Spor
SPECTRUM.

A photographic map, extending from A 4600 to A 7200, and
consisting of 26 sections of 100 Angstroms each, has recently
been made by Mr. ELLERMAN from the Mt. Wilson negatives
of sun-spot spectra. The original negatives were made with
the Littrow-grating spectrograph, of eighteen feet focal
length, used with the Snow telescope. Each section of the
spot spectrum, after being enlarged on a plate moving in the
direction of the lines (by the pendulum process frequently
employed for widening stellar spectra), is printed alongside
the corresponding region of the normal solar spectrum. An
approximate scale of wave-lengths, merely for the identification
of lines, and not for the determination of their positions, also
appears on each section. It is expected that a more perfect
map can be issued later. This is intended to supply the imme-
diate needs of visual observers of spot spectra, and has been
placed in the hands of those who are taking part in the work
set on foot by the International Union for Co-operation in
Solar Research.

GeorGe E. HALE.
September, 1907.

Six Staks WHoSE RADIAL VELOCITIES VARY.

The following stars have been shown to have variable radial
velocities, by photographs taken with the Mills spectrograph
at Mt. Hamilton. The approximate range of speed observed
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is given in the second column, and the names of the discoverers
in the third —

Star. Observed Range. Observed by
o Tauri — 15 to — 24km MOooRE.
f Tauri + 9 H427 MOooORE.
n Camelopardalis + 22 —40 MOORE.
A Boétis —1II —40 MOORE.
B Corona —15 —33 MOORE.
& Cygni —19.6 —24.1 CAMPBELL.
W. W. CaAMPBELL,
J. H. Moore.

Two Stars WHOSE RapiAL VELOCITIES ARE VARIABLE.
Professor WRiGHT, formerly in charge of the D. O. Mills
Expedition to the Southern Hemisphere, has found from their
variable velocities that the following stars are spectroscopic
binaries :—
x Carine, with observed speed lying between -+ 3.3¥m and
+ 17.4¥m per second.
¢« Gruis, with observed speed lying between — 2.3k™ and
— 18.8km per second.

The photographs upon which these discoveries were based
were taken at Santiago, Chile, by Messrs. WriGHT and
PALMER in 1904-1905, and by Dr. Curtis in 1906-1907.

W. W. CAMPBELL.

NoteE oN THE PUBLICATIONS OF THE Lick OBSERVATORY.

In the past years six quarto bound volumes of the Publi-
cations of the Lick Observatory have been printed and dis-
tributed to our correspondents.

Volume VII of the Publications will contain articles written
by members of the Berkeley Astronomical Department. Parts
1, 2, and 3, relating to a short method of determining orbits,
were printed in 1go2. Only a few copies were mailed, to those
who were especially interested in the subject, and the remainder
of the edition was held with the expectation that the succeeding
parts of the volume would be published soon and be included
in the bound volume. Delay in completing the volume makes
it desirable that these parts should be distributed unbound in
the near future, following the completion of Parts 4 and g,
now ready to go to press.
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Volume VIII of the Publications, to contain photographs of
nebule and star clusters secured by the late Director KEELER
and by Dr. PERrRINE, has been in preparation for three years
past. In common with the experience of others, difficulties
have been encountered in securing satisfactory reproductions
of the photographs. It has been found necessary to compro-
mise between pictorial effects and strict scientific values, and a
fair rate of progress has been made during the past year. It
is hoped that means will be found in the near future to make
several complete sets of positives on glass of these photographs
for deposit with leading scientific societies in various centers
of population, in order to make them available to all investi-
gators who desire to study them -in detail.

Volume IX of the Publications relates to the work of the
D. O. Mills Expedition to the Southern Hemisphere. Parts
1, 2, and 3 have just been mailed to our correspondents. They
include an account of the organization and history of the
expedition by Director CAMPBELL, and a description of the
instruments and methods by Acting-Astronomer WiLLiam H.
WrigHT, in charge of the expedition. The spectrograms
secured by the expedition will have been measured and reduced
in the course of a few months, and it is planned to publish
the results for the 145 stars included in the programme as
promptly as possible.

Volume X of the Publications is more than half through the
press. It contains the results of meridian-circle observations
by Astronomer R. H. Tvcker. The bound volume will be
mailed before the end of the present year.

1t is the intention to send out all completed volumes in bound

form, W. W. CAMPBELL.
MTt. HaMmiLTON, September 23, 1907.

A Fireproor BuiLping oN MT. HAMILTON.

The construction of the half of a fireproof building is under
way at the present time. It is not expected that the second half
of the building will be constructed before the summer of 1909.
The first half will contain, on the first floor, storage vaults for
the valuable and extensive collection of observatory photo-
graphs, together with the records and computations for all
the observations, visual as well as photographic, and such
valuable smaller instruments as are not in daily use. The
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second floor will consist of a photographic-enlarging room,
fifty feet in length in the clear, provided with graduated steel
track to carry the lenses and cameras used in this work. It is
expected that these rooms will be available for occupation

about January 1st. W. W. CAMPBELL.
MTt. HaMILTON, September 23, 1907.

IMPROVEMENTS TO THE CROSSLEY REFLECTOR.

Mr. F. G. PEask, recently assistant to Professor G. W.
RitcHEY, and now optical expert to The Scientific Shop,
Chicago, spent a month on Mt. Hamilton figuring a convex
hyperbolic mirror for the Crossley reflector, in order to con-
vert it into the Cassegrain form with an equivalent focal
length of seventy-five fcet. The corresponding mechanical
additions are in course of construction by the Lick Observatory
instrument-maker. It is hoped to utilize the Cassegrain form
in parallax and spectrographic researcjies.

MT1. HAMILTON, September 23, 1907. W. W. CAMPBELL.

RECENT PRrRoGRESs IN THE CoNSTRUCTION WORK OF TIE
SoLAR OBSERVATORY.

The figuring of the 60-inch mirror was completed by Pro-
fessor RITCHEY in August, the residual errors net exceeding
one tenth of a wave. The final tests were made with the aid
of parallel light furnished by a 36-inch plane mirror, also fig-
ured in our optical-shop during the year. The various convex
and plane mirrors required for the 6o-inch reflector when used
in the Newtonian and Cassegrainian forms are now being
completed.

The mounting for this telescope will soon be finished in our
instrument-shop. It is being assembled in Pasadena, and will
be thoroughly tested there before being set up on Mt. Wilson.

The Mt. Wilson road was finished in May, and much of the
structural steel for the building and dome of the 6o-inch
reflector has been taken to the summit. The erection of the
building is advancing rapidly under the supervision of Mr.
GEeorRGE D. JonEs, who also completed the road.

The vertical ccelostat telescope, of twelve inches aperture
and sixty feet focal length, has been erected on the mountain,
and will be tested in September. The ccelostat and second
mirror support by Brastizar and the 30-foot Littrow-grating
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spectrograph by GAERTNER are in position, and the two plane
mirrors, each twelve inches thick, have been figured by Pro-
fessor RITCHEY.

September, 1907.

GeorGe E. HALE.

Proressor Jurivs’'s Visit To MT. WiLsON.

As the outcome of a plan arranged two years ago, Professor
W. H. JuLius, of the University of Utrecht, has recently spent
some weeks on Mt. Wilson. The prime object of his visit was
to discuss the possible bearing of anomalous dispersion on
astrophysical phenomena, in the hope that definite criteria
might be found, capable of settling the question. A series
of investigations has now been planned, covering both solar
and laboratory work, and will be carried out as soon as
possible.

While on Mt. Wilson Professor JuLivs employed the five-
foot spectroheliograph to photograph the anomalous-dispersion
phenomena of sodium vapor, which resemble the solar flocculi.
This work, as well as the numerous discussions of the
anomalous-dispersion theory, was a source of great pleasure
and profit to all the members of the staff.

September, 19o7. GeorGE E. HALE.

NEW APPOINTMENTS TO THE STAFF 0F THE MTt. WiLsoxN
Sor.AR OBSERVATORY.

Professor J. C. KarTEYN, of the University of Groningen,
will hereafter spend several months of each year at Mt. Wilson,
and take charge of such parallax and other similar work as may
be done in connection with his “Plan of Selected Areas.”
So far as possible, the working programme of the 6o-inch
reflector will be arranged so that the photographs, both direct
and spectroscopic, will be of service for Professor KAPTEYN'S
studies of stellar distribution, as well as for the prime purpose
of the observatory—the investigation of stellar evolution. This
can casily be done by giving preference to KAPTEYN's areas
when undertaking general spectrographic surveys or in study-
ing the smaller spiral nebule.  In addition, certain nights will
be set apart for his special purposes. The direct bearing, on
the one hand, of KarrevyN's important researches on the
problem of stellar evolution, and the need, on the other, of a
large reflector to furnish the data he desires for the fainter
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stars, promise valuable returns from this co-operative under-
taking. Professor KapTeyN will commence work on Mt.
Wilson as soon as the 6o-inch reflector is ready for use,
probably in the summer of 1908.

Dr. ArTHUR L. Kixg, of the University of California, will
take charge of the physical laboratory of the Solar Observatory
as soon as he can relinquish the duties of his present position,
probably in January, 19o8. It is proposed to undertake an
extensive investigation of anomalous-dispersion phenomena,
and the effects of temperaturc and pressure, for lines which
will also be studied in sun-spots, at the center and limb of the
Sun, in the chromosphere, and in stars of various types. Dr.
KinG will be assisted in the laboratory by Dr. OLMsTED, who
has been engaged in similar work at Mt. Wilson during the
past year.

GEeorGE E. HALE.
September, 1907.

REQUEST FOR UNPUBLISHED OBSERVATIONS OF TIiE VARIABLE
StArR U GEMINORUM.

Mr. J. vaN DER BILT, Astronomer at the observatory,
Utrecht, Holland, has undertaken the definitive reduction of
all available observations of this remarkable variable, and
would be very glad to have copies of any unpublished observa-
tions, in such detail that they can be reduced by a normal
photometric light-scale. They may be sent to him direct.
Address Maliesingel 58, Utrecht; or if sent to the under-
signed, they will be transmitted to him.

YERKES OBSERVATORY, J. A. PARKHURST.
WiLLiAMS BAY, WISCONSIN.

CHANGES IN THE STAFF OF Lick OBSERVATORY.

Mr. KEviN Burns, Carnegie Assistant during the past four
years, with duties in the measurement and reduction of stellar
spectrograms, resigned, to take effect October 1st, in order to
pursue postgraduate studies.

Dr. B. L. NEwkirk, Carnegie Assistant during the past
year, resigned, to take effect September 1st, to accept appoint-
ment as Assistant Professor of Mathematics and Mechanics in
the College of Engineering, University of Minnesota.

Henry C. PLuMMER, M. A., Assistant in the University of
Oxford during the past six years, has been appointed a Fellow
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in the Lick Observatory. His time will be devoted to work
in the spectroscopic department.

Miss LEaH ALLEN, of Brown University, Providence, Rhode
Island, has been appointed Carnegie Assistant with duties in
the measurement and reduction of spectrograms.

Mr. HaMILTON, September 23, 1907. W. W. CAMPBELL.

EPHEMERIDES FOR THE WATSON ASTEROIDS.

In accordance with the intention expressed in Lick Observa-
tory Bulletin No. 114, to provide regularly ephemerides for
coming oppositions of the various asteroids discovered by
WaTsoN, as far as the progress made in determining their
elements and first order perturbations by Jupiter may permit,
ephemerides were computed by Miss GLANCY from the ele-
ments and perturbations derived under my direction in the
Berkeley Astronomical Department, for the recent oppositions
of (103) Hera and (179) Klyt@emnestra. Unfortunately, these
ephemerides were not completed in time for publication in a
Lick Observatory Bulletin. A photographic position of Hera
was secured, however, by Miss GLANCY, at this observatory on
June 14th, and requests for observations of (179) were sent
to Director CamprseLL, of the Lick Observatory, and to
Admiral WALKER, Superintendent of the United States Naval
Observatory.

At the Lick Observatory three observations were secured by
Mr. DuncaxN, on September 18th, 19th, and 2oth, and Pro-
fessor EICHELRERGER, of the Naval Observatory, has commu-
nicated to me a correction to the ephemeris of (179), based on
an observation by Mr. HaMMmoxND, taken September 23d. In
each case the ephemerides were given to 1* and o’.1. The
agrecment between theory and observation is far better than
was expected. The correction to the ephemeris of (103) on
June 14th, is 4 0°.6 and — 0’.3. The correction to the ephem-
eris of (179), communicated by Professor EICHELBERGER for
September 23d, is + 2* and —o0’.1. The mean correction,
however, to the ephemeris of (179) from the Lick observa-
tions, September 19th, is 0* and — o’.1.

The last opposition upon which the elements of (179) are
based occurred eight years ago. A. O. LEUSCHNER.

BERKELEY ASTRONOMICAL DEepPARTMENT, Oct. 2, 1907.
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CoURSES IN ASTRONOMY.

The first term of the academic year 1907-1908 has opened
with an increased enrollment in the courses in Practical Astron-
omy. There are now forty-six students engaged in night work.
Of these twenty-two take the course 4B, especially intended for
civil engineers; eight are enrolled in 4A, a course designed
for students who have chosen astronomy for their profession;
and sixteen in Astronomy 2, a general course offered to stu-
dents as a culture study. Other enrollments during the current
term are: General Astronomy, ninety-five; Least Squares,
thirty-six ; Interpolation, Numerical Integration, and Differen-
tiation, six; Theoretical Astronomy (Graduate), three; Celes-
tial Mechanics (Graduate), four. Of the graduate students,
four are men and three women. In the undergraduate courses
there is a notable increase this year in the percentage of men.
The number of well-prepared, capable, and serious students in
the various courses is also noteworthy. In view of the in-
creased enrollment in the practical courses, the university has
granted the department an additional assistant. Applications
for the newly created position should be sent without delay
to the Director of the Students’ Observatory.

A. O. LEUSCHNER.

BERKELEY ASTRONOMICAL DEPARTMENT, Oct. 2, 1907.




GENERAL NOTES.

Deaths.—During the last few months astronomy in central
Europe has suffered a severe blow through the loss of four
persons closely associated with the progress of the science in
recent years. The Astronomische Nachrichten, No. 4190, con-
tains three obituary notices. In the last number of these
Publications brief mention was made of the death of Dr.
EcoN voN OPPOLZER, professor of astronomy at Innsbruck.
Dr. OppoLZER, son of the noted astronomer THEODORE vON
OrppoLzER, author of the celebrated “Lehrbuch zur Bahn-
bestimmung der Kometen und Planeten,” was born in Vienna
on October 13, 1869, and died June 15, 1907, being therefore
less than thirty-eight years of age. His education was obtained
at the universities of Vienna and Munich. For a time he
served as an assistant in the observatory at Prague, and in
1901 was made associate professor of astronomy at Innsbruck,
and professor in 1906. Dr. OpPPOLZER was an enthusiastic
investigator, and made many contributions to the science of
astronomy along various lines. He made investigations con-
cerning the Earth’s atmosphere and solar phenomena. He
was also interested in photography and photometry, and will
be remembered as the discoverer of the short-period variability
in the brightness of the planet Eros. During the last few
years Dr. v. OprroLzER was engrossed in the building and
equipping of a new observatory at Innsbruck, nearly the whole
cost of which was paid out of his own pocket. The equipment
was designed especially for work in spectroscopic and photo-
graphic lines, and was almost ready for use when the hand of
death intervened to bring to a sudden close the life and work
of an ardent searcher for truth.

On June 29th Professor SIEGFRIED CzARrPsK1, Director of the
Carl Zeiss firm, makers of the celebrated Zeiss lenses and opti-
cal instruments, died in Jena at the age of forty-six years.
Although not an astronomer by profession, yet Dr. CzARPsKI,
through his connection with the optical works and through
attendance upon the meetings of the Astronomische Gesell-
schaft, came into contact with many of the astronomers of
Europe. When a young man he was a student under HeLM-
HoLZz, and through the recommendation of that master became
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private assistant to Professor ABBe. The balance of his life
was spent in Jena. Dr. Czarpskr’s chief contribution to sci-
ence is a book on geometrical optics, called “Theorie der
Optischen Instrumente nach ABBE.”

On July 13th Dr. HEINRICH KREUTZ, associate professor of
astronomy at the University of Kiel and editor of the Astro-
nomische Nachrichten, passed away, after a long illness, at the
age of fifty-two years. His preparation for the astronomical
profession was obtained at the University of Bonn under the
tutorship of ScHONFELD and KRUEGER. After further study
in Vienna under WEiss and OPPOLZER, he became a computer
in the Recheninstitut at Berlin. Dr. KrReuTz soon gave up this
position, however, in order to accept the position of observer
and computer at the Kiel Observatory when Professor KrRUE-
GER was called there in 1883 to become director of the observ-
atory and editor of the Astronomische Nachrichten. In this
position KrREuTZ became familiar with editorial work, and was
naturally chosen to succeed KRUEGER in the editorship of the
Nachrichten when the latter died, in 1896. The laborious
duties of this position were performed with great care, and
Professor KreEuTZ succeeded in maintaining the high standard
previously enjoyed by the Nachrichten as the leading astro-
nomical journal of the world. Dr. KrReuTz was especially
interested in the investigation of orbits of comets, and carried
to completion several very cxtensive pieces of computation.
The most important of these were investigations of the orbits
of the comets 1843 I, 1861 II, 1880 I, 1882 II.

Another severe loss to astronomy came through the death on
August 13th of Professor HERMANN CarL VoGeL, Director
of the Astrophysical Observatory at Potsdam. Dr. VoGeL was
the sixth Bruce medalist of the Astronomical Society of the
Pacific, and reference to his life and work will be found on
another page of this number of the Publications.

Notes from “Science.”—Mary W. WHITNEY, professor of
astronomy at Vassar College, and president of the Nantucket
Maria Mitchell Association, spent a week lately at the Maria
Mitchell Memorial on Nantucket, giving instructive talks to
members and their guests on “Maria Mitchell” and on “Recent
Discoveries in the Solar System.” Professor WHITNEY has
appointed a building committee to consider plans for an observ-



250 Publications of the Astronomical Society, &c.

atory to house properly an equatorial telescope recently donated
to the association. Already the sum of $2,138 has been sub-
scribed, and the association in charge of the memorial hopes
for subscriptions to enable it not only to house the telescope
but also to equip the observatory so that it may be available for
astronomical classes in the near future.

Sir David Gill's Address—The presidential address of Sir
Davip GiLL, delivered before the annual meeting of the British
Association for the Advancement of Science at Leicester, has
been printed in full in Science for August 16th. The address
is highly interesting and instructive, and should be read by
every one interested in astronomy.

Doctor's Degrees—In Science for August 3oth there is an
article entitled “Doctorates Conferred by American Universi-
ties.” During the last ten years the degree of Doctor of
Philosophy and Doctor of Science (not including honorary
degrees) has been conferred upon 2,715 persons, and of these
1,232 were taken in the sciences. Thirty-four degrees have
been granted in astronomy, which stands ninth among the
twenty sciences enumerated. Three doctorates in astronomy
were conferred during the last academic year, as follows: By
Columbia University, on ANNE SEWELL YouNgG, “The Stellar
Clusters /i and y Persei; Measurement and Reduction of the
Rutherford Photographs”; by the University of California, on
JaMmes Davis MavprirL, “A Study of Several Stars of the
8 Cephet Type”; by the University of Virginia, on FrRANK
WALKER REED, “Singular Points in the Approximate Develop-
ment of the Perturbative Function.”




NEW PUBLICATIONS.

AMBRONN, L. J, and R. Sternverzeichnis enthaltend alle
Sterne bis zur 6.5tn Grosse fiir das Jahr 1900.0. Berlin:
J. Springer. 1907. Large 8vo. x + 183 pp. Cloth.

CampBeLr, W. W. A list of Lick Observatory negatives from
which lantern-slides and transparencies can be supplied.
Sacramento. 19o7. 8vo. 21 pp. Paper.

CowLEY, EL1zABETH B., and WHITESIDE, IDA. Definitive orbit
of Comet 1826 II. Kiel: Astronomische Abhandlungen
als Erginzungshefte zu den Astronomischen Nachrichten,
Nr. 13. 1907. 4to. 18 pp. Paper. )

Dyson, F. W. Determinations of wave-length from spectra
obtained at the total solar eclipses of 1900, 1901, and 1905,
London: Memoirs of the Royal Astronomical Society,
appendix to Vol. LVII. 1906. 4to. 50 pp. Boards.

Huccins, Lady. Agnes Mary Clerke and Ellen Mary Clerke:
An appreciation. London: Printed for private circula-
tion. 1907. 8vo. 54 pp. Cloth.

LANGLEY, SAMUEL P1ERPONT. Memorial meeting, December 3,
1906. Addresses by Doctor White, Professor Pickering,
and Mr. Chanute. Washington; Smithsonian Miscella-
neous Collections, No. 1720. 1907. 8vo. 49 pp. Paper.

PaLisa, Jonann. Katalog von 3,458 Sternen fiir das mittlere
Aequinoktium 1875.0. Vienna. 1906. 4to. xii 4 95 pp.
Paper.

ScHORR, R. Tafel der Reductions-Konstanten zur Berechnung
scheinbarer Sternorter fiir die Jahre 1850 bis 1860. Ham-
burg: Mitteilungen der Hamburger Sternwarte, Nr. 9.
1907. Large 8vo. viii 4+ 230 pp. Paper.

ScuwarzscHiLp, K. Ueber die totale Sonnenfinsternis von 30
August, 1905. Gottingen: Astronomische Mitteilungen
der K. Sternwarte zu Gottingen, 13 Teil. 1906. 4to. 73
pp- Plates. Paper.

TavLor, H. DENNIs. A system of applied optics. London:
Macmillan & Company. 1906. Royal 8vo. 16+ 334 pp.
Cloth.
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Vocer, H. C. Die zwei Doppelrefraktoren des Observatori-
ums. Potsdam: Publikationen des Astrophysikalischen
Observatoriums zu Potsdam. Band 15, erstes Stiick. 1907.
4to. 59 pp. Plates. Paper.

Berliner Astronomisches Jahrbuch fiir 1909. Berlin: Ferd.
Dimmler. 1907. 8vo. x - 615 pp. Paper.

Connaisance des temps, pour I'an 19og. Paris: Gauthier-
Villars. 1907. 8vo. viii + 931 pp. Paper. 4 francs.

Memoire del R. Osservatorio Astronomico al Collejio Romano.
Series III, Vol. IV, Parte II. Rome: 1907. 4to. 285 pp.
Paper.

Proceedings (The) of the optical convention, No. I. London.
1905. London: Norgate and Williams. Royal 8vo.

" vi+ 247 pp. Cloth, 10s.

Publications of the Lick Observatory.! Volume IX, Parts 1,

2, and 3. Sacramento. 1907. 4to. 70 pp. Paper.

1 See note on page 241.
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MiNuUTES OF THE MEETING OoF THE Boarp or Directors, HELD
AT THE Lick OBseErvaTORY, MT. HAMILTON, ON
SEPTEMBER 14, 1907, AT 8 P.M.

President CusHING presided. The following directors were present:
AITKEN, CAMPBELL, CrRaAWFORD, CUSHING. RiCHARDSON, TOWNLEY, gm(l
Zier. The minutes of the last meeting (July 13, 1907) were approved.

The Librarian reported many more generous responses to the circular
letter concerning the library.

A reply, acknowledging with thanks the receipt of the award of the
Donohoe comet-medal, from Professor H. THIELE was read.

The Library Committee was authorized to procurc a card-catalogue
case and an accessions-book.

On behalf of the Committee on the Donohoe Comet-Medal Professor
CaMmepBeLL, chairman, reported the following awards:—

To GiacoBiNI for the discovery of Comet a 1907; to MELLISH for the
discovery of Comet b1907; to Giacorini for the discovery of Comet
¢ 1907; to DANIEL for the discovery of Comet d 1907.

The resignation of Dr. Newkirk from the Publication Committee
was accepted with regret.

James D. Mappricl was clected to fill the vacancy on the
Publication Committee, 7ice NEWKIRK resigned.

The Committec on Meetings, consisting of Messrs. CAMPBELL,
LEUSCHNER, and TowNLEY, was continued, and requested to report at
the next meeting.

The following was clected to membership:—

B. L. HooGgHEAD, Gor Merchants Exchange, San Francisco.
The following was elected an institutional member :(—
Library of University of Washington, Seattle, Wash.
The following were elected corresponding members :—
Library of Solar Observatory, Mt. Wilson, Cal.
Flower Observatory, University of Pennsylvania, Upper Derby, Pa.

The following resolution was introduced and passed unanimously :—

Resolved, That the bonds belonging to this Society be deposited in trust with
the Mercantile Trust Company of San Francisco, a corporation, the said Trust
Company to collect the interest and pay the same as it accrues to the Treasurer
of this Socicty, the said bonds to be delivered by said Trust Company only as
directed by this Society, the intention of the Society to remove the same from
the custody of said Trust Company to be evidenced by a resolution of the Board
of Directors, under seal of this corporation, and duly certified by the President,
or a Vice-President, and the Secretary of the Socicty.

Be it further Resolved, That the President and Treasurer of this Socicty are
hereby authorized to take all necessary steps to carry this resolution into full force
and effect, including, if necessary, the indorsement by them of any of the bonds
belonging to this Society.

A vote of thanks to the Director and Staff of the Lick Observatory
for their invitation and hospitality at this meeting was passed unani-
mously.

Adjourned.






PUBLICATIONS

OF THE

Astronomical Society of the Pacific.

VoL. XIX. San Fraxcisco, CALIFORNIA, DECEMBER 10, 1907. No. 117.

PLANETARY PHENOMENA FOR JANUARY AND
FEBRUARY, 1908.

By MacrcoLm McNEILL.

PHASES OF THE MOON, PACIFIC TIME.

New Moon..... Jan. 3, thy3mpM. | New Moon....Feb. 2, 12h 36m o
First Quarter... “ 10, 5 53 A.M. | First Quarter... “ & 8 27 pM.
Full Moon...... “ 18,5 37 a.m. | Full Moon...... “17, 1 5 AM.
LastQuarter.... *“ 26, 7 1 AM. | LastQuarter... “ 24, 7 24 P.M.

The first of the three solar eclipses of the year will occur
on January 3d. It will be a total eclipse, the line of totality
running through the Pacific Ocean from a point north of
Australia to the cast coast of Central America. It will be
seen as a partial eclipse from points in the central and south-
ern parts of the United States late in the afternoon. The
path of totality is mainly over the open ocean. but it crosses
several of the small islands in the South Pacific, which afford
fairly good observing stations. Some of these will be made
use of by observing parties from the Lick and other observa-
tories. The maximum duration of totality is a little more
than four minutes: this is rather more than the average
duration. One circumstance is perhaps worth noting. As
the line of the eclipse track crosses the line “where the day
begins,” the local time of beginning is sunrise of January 4th,
and the local time of ending is sunset on January 3d.

The Earth is in perihelion on the morning of January 2d.

Mercury is a morning star at the beginning of the year, too
near the Sun for naked-eye ohservations, as it rises only half
an hour before sunrise. It passes superior conjunction on the
evening of January 13th, reaches greatest east elongation on
February 13th, and comes to inferior conjunction on IFebruary



256 Publications of the

28th. At the time of greatest elongation it remains above
the horizon rather more than an hour and a half after sunset,
and it will be an easy object for naked-eye view on a clear
evening during the late twilight. The interval between the
setting of the Sun and of the planet is more than an hour dur-
ing the period from two weeks before to about one week after
the date of greatest elongation. The duration of visibility
and maximum elongation from the Sun are both much less
than the average for winter east elongations, for the reason
that the planet passes its perihelion less than a day after the
time of greatest elongation. There will be a much better
opportunity for seeing the planet in June.

I'enus is an evening star, gradually increasing its distance
from the Sun from 29°, on January 1st, to 36°, on February
29th. On the first-named date it sets a trifle more than two
hours after sunset, and this interval increases to more than
three hours by the end of February. On the evening of
February 13th it will be within one degree of the point in
the sky known as the vernal equinox. It passes Saturn about
noon on February 1oth, a little more than one degree, or two
apparent diameters of the Moon, north of the latter.

Mars will not be in good position for observation through-
out the year on account of its distance from us and consequent
faintness, although it will not be difficult to see it except for
a month or two about the middle of the year, while it is near
conjunction with the Sun. On January 1st it is an cvening
star, and remains above the horizon until nearly 11 o'clock,
and by the end of February it sets a little before 10" 30™.
During the two-months period it moves about 38° eastward
and 17° northward through the constellation Pisces into Arics,
passing a little north of the vernal equinox on January 1oth.
On January 1st its distance from the Sun will be 127 millions
of miles. This is more than three times as great as the
distance at the time of opposition in July, 1907, and its bright-
ness will be not one tenth as great as it was then; but it will
still be as bright as all but the brightest stars, and there is no
star as bright in near proximity to the planet, although it is
quite close to Saturn on January 1st. So there will be no
difficulty in identifying it. Its distance from the Earth is
increasing rapidly, and it will lose more than half its bright-
ness by the end of I'ebruary.
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Jupiter is in fine position for observation, as it comes to
opposition with the Sun on January 29th. It will then be
above the horizon throughout the whole night, and during the
whole two-months period it will be in sight whenever the
twilight is sufficiently dark to show it. It is in the constella-
tion Cancer, not very near any bright star, and retrogrades,
moves westward, about 10°, and 2° northward by February
29th.

Saturn is an evening star, setting a little after 10" 30™ on
January 1st, and a little after 7" on February 29th. At the
beginning of January it is near Mars, about 2° south, but its
slower motion among the stars makes the distance between the
planets increase rapidly, and by the end of February it is more
than 30°. The very interesting series of appearances and
disappearances of the rings which has been going on during
1907 ceases early in January. On January 1st the Earth and
Sun are on opposite sides of the plane of the rings, but in a
few days the Earth passes to the other side of the plane, and
for the following fourteen or fifteen years Earth and Sun
will both be on the southern side. For some months the rings
will present the appearance of a very narrow streak, but in the
summer of 19o8 the apparent minor axis will be about one
eighth of the major.

Uranus is in conjunction with the Sun on January 4th and
becomes a morning star, but does not get far enough away
for visibility until after the end of the period. It is so faint
—just within the limit of naked-eye visibility—that it cannot
be seen without a telescope at a much lower altitude than 25°.

Neptune is in opposition with the Sun on January 4th, and
is therefore above the horizon throughout the whole night at
that time, but it is too faint for naked-eye observation. It is
in the eonstellation Gemini.













Astronomical Society of the Pacific. 261

On the basis of observations giving a longer arc (October
15th, by HarTwig, at Bamberg; October 19th, 3oth, by Dun-
caN, at Mt. Hamilton) a second orbit was computed by
Professor CRawForp and Miss GLANCY. A part of this com-
putation was checked by Miss MorcaN. The elements and
ephemeris extending to the end of this year are published in
Lick Observatory Bulletin, No. 124.

The two orbits (both parabolic) differ very little from each
other. The longitude of the node is 55°; the longitude of the
perihelion is 350°. The motion in the orbit is retrograde, the
inclination of the orbit plane to the ecliptic being 120°. The
comet passed perihelion on September 14th, at a distance of
01,000,000 miles from the Sun. It was nearest to the Earth
on November 1r1th, and at that time was distant 38,000,000
miles, having a theoretical brightness three times as great as
on the day of discovery. The comet is now receding from both
the Sun and the Earth. It is a matter of interest that the
observed brightness of the comet to date has not agreed with

the computed brightness. A. O. LEUSCHNER.

BERKELEY ASTRONOMICAL DEPARTMENT, November 20, 1907.

EcLipse EXPEDITION.

The Lick Observatory Crocker Eclipse Expedition left Mt.
Hamilton on November 18th, and sailed from San Francisco
for Tahiti on the steamship Mariposa on November 22d.
From Tahiti the party is to be conveyed to Flint Island, about
four hundred miles north, by means of a U. S. naval vessel.
It is expected that the party will arrive at Flint Island about
December sth, which will allow four weeks in which to erect
the instruments and to make the necessary preparations for
the event. Flint Island lies at about 12° south latitude, and
is several miles south of the central line of the eclipse shacdow.
The eclipse is to occur at about 11" 18, local mean time, and
totality will last about four minutes.

The party consists of Director CaMPBELL, Astronomers
PerrINE and AITKEN, and Assistant ALBRECHT of the Lick
Observatory, and Professor E. P. LEw1s of the University of
California. They expect to again reach San Irancisco about

January 25th. SipNxey D. TowNLEY.
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Mr. W. F. MEYER, a graduate of Drake University, has been
appointed assistant in astronomy in the Berkeley Astronomical
Department of the University of California.

Note oN CoMET a 1907 (GIACOBINI).

A telegram has just been received stating that WoLF ob-
served this comet on December 4%.4364 Gr. M. T., in right
ascension 3" 23™ 40° and declination + 50° 35°. This place
is represented very closely by the orbit computed by Mr.
EinarsoN, Miss GrLancy, and Miss Joy, from observations
extending from March gth to April gth. This orbit was pub-
lished in Lick Observatory Bulletin, No. 113. The residuals
in a and 8 for the above position are (O-C) + 13* and —3'
respectively. RusseLL TRACY CRAWFORD.

BERKELEY ASTRONOMICAL DEPARTMENT, December 7, 1907.
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Dr. ELis STROMGREN, Privatdozent in the University of
Kiel, has been appointed professor and Director of the observa-
tory in Copenhagen, in the place of Professor T. N. THIELE,
who has retired.

NEW PUBLICATIONS.

CooksoN, BRyaN. Determination of the elements of the orbits
of Jupiter's satellites from photographs taken at the Cape
in 1902. Edinburgh. 1907. 4to; 122 pp. Paper. 3s.

DunEr, N. C. Ueber die Rotation der Sonne, zweite Abhand-
lungen. Upsala: Akademische Buchhandlung. 1907.
4to; 64 pp. Paper.

Hebrick, H. B. Catalogue of zodiacal stars for 1900 and 1920
reduced to an absolute system. Astronomical papers pre-
pared for the use of the American Ephemeris and Nau-
tical Almanac, Vol. VIII, Part III. Washington: Bureau
of Equipment, Navy Department. 1905. 4to; 190 pp.
Paper.

Kamenskiy et E. Kororikov. Les éléments approchés et
I'éphéméride de la cométe d'Encke. Bulletin de 1'Acadé-
mie Impériale des Sciences. St. Petersburg. 1907. Large
8vo; 8 pp. Paper.

A catalogue of 420 standard stars mostly between 31° and 41°
south declination for the equinox 1905.0, from observa-
tions made at the Perth Observatory, Western Australia,
under the direction of W. ErNesT CookE. Perth. 1907.
4to; 13 pp. Cloth.

Astronomical and magnetical and meteorological observations
made at the Royal Observatory, Greenwich, in the year
1905. Edinburgh. 1907. 4to. Cloth.

Etude de l'atmosphére. Observatoire Constantin. IFascicule
IT. St. Petersburg. 1906. 4to: ix + 45 + 92 pp. Paper.
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MINUTES oOF THE MEETING OF THE BOARD oF DIrecToRs, HELD
IN RooM 601, MERCHANTS EXCHANGE, SAN FRANCISCO,
CAL., oN NOVEMBER 30, 1907, AT 2 P. M.

The following directors were present: BURCKHALTER, CRAWFORD,
CusHING, RicHARDSON, TowNLEY, ZieL. Directors AITKEN, BABCOCK,
CampBeLL, and HALE were represented by proxies.

President CusHING presided. The minutes of the meeting of Sep-
tember 14, 1907, were changed by substituting “corresponding institu-
tions” for “corresponding members,” and then approved.

The Bruce Medal for 1907 was awarded.

The following were elected to membership :—

Dr. THos. PorTer, 1111 Washington Street, Oakland, Cal. (tem-
porary address).
Mr. MorGAN SANDERS, 1419 West Lanvale Street, Baltimore, Md.

The following was elected an institutional member:—

Public Library, Seattle, Wash.

It was moved, seconded, and carried, that the temporary publication
address of the Society be 6o1 Merchants Exchange, San Francisco, Cal

The Librarian reported briefly upon the present state of the Library.

Adjourned.

MixvTEs oF THE MEETING oF THE Sociery, HELD 1N Rooum
601, MERCcHANTS ExcitanNcge, Sax Fraxcisco, CAL.,
ON NOVEMBER 30, 1007, AT 2:30 P. M.

President CusHinG presided. Upon calling the Society to order he
announced that the meeting would be devoted to informal discussion of
current astronomical problems.

Professor LEUSCHNER gave a brief history and an account of the
present state of the work on the Watson asteroids, which has been car-
ried on at Berkeley for the last seven years.

Professor TownNLEY made a few remarks on astronomical work at
Stanford University, and also gave a brief account of the more recent
work on the variation of latitude.

Mr. BUrckHALTER called attention to some recent observations of an
unusual character that he had made upon the rings of Saturn.

A general discussion was had upon Professor LowEeLL's article on
Mars in the December (19o7) Century.

Adjourned.
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ASTRONOMICAL OBSERVATIONS IN 1907.

Jan. 4: S { ; ?
8: id.
11: id.
IFeb. 16: 2 steps > g
Mar. 5: =h.
24: Istep<h
‘.'\pr,' 3: { z %
10: ={.
A <e
19:45%
23: id.
May 11: 1step <e
July 6: 3 steps > d.
16: 2 steps > d.
Aug. §5: —e.
I<e
a:{$

MapE BY TorvaLp KOHL, AT ObDER, DENMARK.

VARIABLE STARS.
(The instrument used is a 3-inch Steinheil, power 42.)
' S Urse Majoris.!

|

Aug. 26:
30:

Sept. 4:
8:

I
12:
15:
17:
24:
28:
Oct. 5:
12:

25:
Nov. 13:
-~ 29:
Dec. 29:

fr.
f

id. '

{<f.

id.
invisible. e
id. R
I step > 1.
{in the midst
1 between d and e.

' Vide the sketch in the Publications A. S. P., No. 73. p. s6.

Jan. 4: T invisible.
8: id.
11: id.
Feb. 16: < g.
o e §>F
Mar. §5: | <e
Y>>
24: 2 b
| 4>
Apr. 2: | <a
3: id.
.§>b
10: g almost = a.
19: =—a.
23: 2 steps > a.
May 11: —a.
July 6: 1step <e.
16: id.

T Urse Majoris.!

i
|
|

Aug. 5:
26:
30:
Sept. 4:
8:
II:
12:
15:

Oct. 5:

25:

Nov. 13:

29:

Dec. 29:

I step < f.
very faint.
id.
id.
id.
id.
id.
id.
id.
invisible.
id.
id.
3 steps < f.
S > f.
I <e.
2. steps > d.
3 steps > a.
§ steps > a.

1 Vide the sketch in the Publications 4. S. P., No. 22, p. 63.
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W Pegasi.?

Jan. 4: W=b. Oct. 6: id.

1r: id. 12: id. :

N <e 25: I step > e.

Feb. 16: 3 >d. Nov. 5: =d.
Aug. 26: utmost faint. . § in the midst

30: !> step < g. 13: 3 between d and c.

26: 3 g i g in the midst

8 5 g 29: { between c and b.
Oct. <.} in the midst Dec. 29: b (3) W (2)c.

* 57 between f and e.

2 Vide the sketch in the Publications A. S. P., No. 6o, p. 23.

SS Cygnit
Jan. 4, 7" SS=g. Sept. 30, 11*: < g.
8, 8:: id. Oct. 5,10": 1 step <g.
11, 6h: =c. 6, 8: id.
Sept. 4, 9h: 1 step < g. 12, 8: id.
10, 9‘;3 <g 25, 8h: g >c.
13, o": id. <b.
24, 8": invisible. Nov. 29, 6b: <g.
26, 8': <g. Dec. 29, 6: 1 steo < g.
28, 8b: invisible.

1 Vide the sketch in the Publications A. S. P., No. 100, p. 18.

Y Tauri (B.D. 4 20° 1083).

v § <A Apr. 19: = A.
Jan. 8: ¥ { > b. l Aug. 21: 1 step > A.
1I: 1 step > b. [ Oct. g§5: =—A.
Mar. 5: =b. Nov. 29: id.
Apr. 3: id. I Dec. 29: id.

As comparison-stars I have used A = B.D. 4 20° 1095
(7™.4) and b = B. D. 4 20° 1073 (8™.2). This irregular vari-
able star has had its greatest brightness, in the summer of
1907.

METEORSs.

Fireballs have been observed at the following dates: Jan-
uary 11th, 12th, 14th, February 1sth, March 4th, May 14th,
July 16th, October 18th, November 6th, 7th, 2oth, 26th, De-
cember sth, 25th.
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SEVENTH AWARD OF THE BRUCE MEDAL.

At a meeting of the Board of Directors of the Astro-
nomical Society of the Pacific, held on November 30, 1907,
the Bruce Gold Medal of the Society was awarded to
Professor EDWARD C. PICKERING, director of Harvard
College Observatory, for distinguished services to astron-
omy. Professor PICKERING'S letter accepting the honor
may be found near the end of this number, under the
minutes of the meeting of the Board of Directors held on
November 30th. The presidential address, reviewing the
life and works of the seventh recipient of the Bruce Medal,
will be delivered at the annual meeting of the Society, to be
held on March 28th.
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fitness in the working out of the scheme, since it was from
the National Observatory at Cordoba, two hundred miles dis-
tant, that the observer came here, fresh from nine years’ serv-
ice under the Southern skies.

The Mills Expedition, of the Lick Observatory, is now
located at Santiago, under the charge of Dr. H. D. Curris;
and while the Cordillera of the Andes would lie between the
two stations, making a barrier of no ordinary magnitude, the
two stations might easily get into touch with each other, by
exchange of compliments. The work of the two stations does
not conflict in any way ; the established one is for the physical
investigation of Southern stars, by means of the spectroscope ;
the new one will confine its work' to the measurement of the
positions of the stars.—San Jose Mercury, January 24th.


















f o e e
PP LN YORK
:'.-‘.;.'.-1 . LIBRARY
|

sxTR, LENOX AND
TiLDE e FONDATL MY,























































(THE NEW yn,. o f

{yUELIC LIDRA. .

AETOR, e,
THOT 7 e


















- e — e e

NEW YOV

BLIC LIBRAD Y






























R

[TV






C e — -

"I YORK
O LIBRARY






cill

1
L

-

2

YORK!?
AARY,





















N

etewe . . oL

T 2

oo
[ I
PR
e
).
.oid
i
. 1
-2
.
]
A
Ao
















































































































































‘T 3A001d

N

skeporr oIl 001 06 08  OL
A1 1 ] 1 1

oy —
ot —
o1 —

sIxe
0477

sixe
ues =TT : : = 2
SIXe 4

wy o

o1~

0T +

[

o -

0s -

09 -

—_--
o
~



PUBLICATIONS

Astronomical Society of the Pacific.
VoL. ;—_;A; .l.?nncxsco, CALIFOR;I-A, Jux~e 10, 190;._ No. 1;

METHODS OF DETERMINING THE ORBITS OF
SPECTROSCOPIC BINARIES. ‘

By Heser D. Curtis.

-

With the constantly increasing number of discoveries in this
field of spectrographic research, the subject of spectroscopic
binaries as a whole has become an exceedingly important one
in its bearing on theories of stellar evolution. Thirty, or even
twenty, years ago it would have seemed beyond the bounds
of reasonable conjecture that at least one in every seven or
eight of the brighter stars should prove to be a double star
whose components are impossible of separation in any tele-
scope existing or whose construction is conceivable. It is
unnecessary to speak of the importance of the results already
secured in relation to theories of cosmogony. As one con-
clusion only, we are led to think that our Sun, with its retinue
of small planets, may possibly be a rather exceptional case in
stellar development, the more common case being the fissiqn
of a star into two or more masses of the same order of
magnitude.

The number of these systems is increasing to-day at a rapid
rate. Including those whose binary character is under inves-
tigation, but not sufficiently substantiated for publication, the
number is now about two hundred; and, with the carrying of
spectrographic surveys down to fainter stars, we may need
four figures to express the total in the not distant future.

It seems improbable at present that the labor of “keeping
track” of all these systems will ever present the difficulties
which make the asteroid group rather an embarrassing source
of astronomical wealth, though we cannot, of course, premise
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just what interesting developments may be gained as to the
inner mechanism of these systems from a comparison of their
orbits of to-day with their forms one hundred years hence.
It is not too much to suppose that the student of celestial
mechanics may then find in this field “laboratory demonstra-
tions” of the problem of three or more bodies, while possible
changes in the periods and eccentricities could be expected to
give valuable results to the worker in theories of tidal evolution
of planets and satellites.

In the sphere of double stars we now have an unbroken
continuum, from the spectroscopic binary of a few hours’
rotation period to the visual double star with a period so long
that centuries will be necessary for an accurate determination
of the orbital elements. Some five or six stars are known to
be both spectroscopically and telescopically double, and these
serve to bind together the two fields. Visual double-star
observers to-day are agreed that the greatest present progress
in their branch of this wide field is to be derived from the
systematic measurement of the systems of shorter period, from
five to fifty years. It is in just this point of shortness of period
that the spectroscopic field has the advantage in the point of
evolutional developments. To take an extreme case: In the
interesting quadruple system of Castor the published spec-
trographic observations of a,, the fainter component, extend
over eleven years and cover no less than fourteen hundred
complete revolutions, while for the visual system the telescopic
measures extending over one hundred years cover so short an
arc that the visual elements must remain uncertain for a long
time to come.

The actual determination of the elements of a spectroscopic
binary is comparatively easy. Trom twenty to thirty plates;
if well distributed over the period of revolution, are ample, in
most cases, to secure satisfactory values of the elements of the
system. The securing of these plates is the time-consuming
factor in the problem, however, which perhaps explains why,
for about seventy-five per cent of known spectroscopic binaries,
we are still without accruate elements. While a skilful
observer of visual double stars can make and reduce a com-
plete single set of measures in fifteen to twenty minutes,
including in this the time taken in passing from one star of
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his programme to another, from half an hour to two or more
hours is required for the exposure time alone of a single
spectrographic plate. Developing, measuring, and reducing,
unless but few lines are available in the spectrum, will take
several hours more. From a consideration of these points it
may easily be seen that the determination of the orbits of
three or four hundred spectroscopic binaries would require in
the neighborhood of ten thousand plates,—easily twenty years’
work for a single observatory, however favorably located as to
climatic conditions.

Doubtless for some years to come the individua] observa-
tories possessing powerful spectrographs for radial-velocity
determinations will endeavor to compute the elements of the
binaries discovered by themselves. But it seems probable that
the time must come when there will be systematic co-operation,
to some extent at least, in order to secure greater rapidity in
utilizing the data at present available and to be accumulated,
and to prevent unnecessary duplication of work.!

As no recent treatment of the various methods for the
determination of the elements of a spectroscopic binary exists
it English, it is the purpose of this paper merely to collect in
accessible form some of the more approved methods of solving
the problem, with a few hints as to the processes involved, but
without pretending to advance any new matter on the subject.

The more important papers on the subject may be referred
to as follows:—

Raypaur, M. N, Vol. LI, pp. 316 ff.

Wising, 4. N, 134, 90, 1893.

RusseLr, Aph. J., 15, 252, 1902.

Lenmann-IILHES, 4. N, 136, 17, 1804.

ScHwarzsciLp, A. N, 152, 65, 1900.

BauscHINGER, “Bahnbestimmung der Himmelskérper,”
pp. 647 ff.

ZURHELLEN, 4. N, 173, 353, 1907.

ZURHELLEN, 4. N, 175, 245, 1907.

' For several ycars the Lick Observatory has been keeping records of work in
this field,—a task necessitated by the need for systematizing its own efforts,—and
as a result it was found wise to collect the material available in a “First Catalogue
of Spectroscopic Binaries” (CampBrLL and Curtis, Lick Observatory Bulletin,

No. 79, 1905). From time to time, as the need arises, successive catalogues will
be issued.—W. W. C.
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Of these methods, that of RAMBAUT is considerably longer
and more involved than later methods and need not be con-
sidered here. WILsING's method, as originally published, was
suitable only for orbits of small eccentricity, but Dr. RusseLL
has extended it so as to make it applicable to larger
eccentricities as well. The method of WiLsiNGg and RusseLL
is purely analytical, and in time consumed is considerably
longer than the geometrical methods of LEHMANN-FILHES,
ScHwARzsCHILD, and ZURHELLEN. It consists in finding a
Fourier's series for the velocity in terms of the elements. It
should be very useful in special cases, particularly when the
period is so nearly a year that one part of the velocity-curve
is not represented by any observations. Another special appli-
cation suggested by RUSSELL is its use as a method of trig-
onometrical analysis in disentangling the superposed elements
of a triple or other multiple system. These longer methods
will not be further treated here.

The spectroscopic plates give us a series of irregularly dis-
tributed radial velocities of the star, and the first problem
is the determination of the approximate period, which rarely
offers any difficulty. This should be done as early as possible
in order to distribute the plates evenly over the revolution
period and to fill up any gaps which may have been left by
earlier plates. Different series of plates will differ so widely
in their arrangement that the determination of each particular
period is a separate problem. The observation times are most
conveniently expressed in Julian days and decimals of a day.
By choosing an epoch, preferably a maximum or minimum
near the beginning of the series, a probable approximate value
of the period is easily secured by the use of co-ordinate paper.
When a number of maxima and minima are well defined, wide
divergencies in other regions of the curve may generally be
removed by trying a new period, some sub-multiple of the first
period assumed. Then by subtracting multiples of the adopted
period from the observation dates all the observations are
reduced to a curve covering onc revolution beginning at the
assumed epoch, with the abscisse as times from the adopted
date of maximum or minimum, and the observed velocities as
the ordinates. After the preliminary curve is drawn, by noting
the deviations from the curve at points near the mean of the
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maximum and minimum velocities, where a change in the
periodic time will have the greatest effect, advisable changes
in the preliminary assumed period are readily found by divid-
ing the deviations of such critical observations, expressed in
time, by the number of revolutions elapsed. A second curve
may then be drawn, whose periodic time will generally be very
close to the true one. For all this preliminary work a calcu-
lating machine is a great time-saver, though a simple table of
multiples of the period will be almost as rapid. For stars
whose periods are almost exact multiples of a day, and short,
it may be necessary to wait some time before observations can
be secured over all the velocity curve. The same may be true
for orbits nearly a year in length, unless the analytical method
of WILSING and RuUsSELL be used in these cases.

After the period has been determined as carefully as possible
the “most probable curve” is drawn, by estimation, through
the observation points as plotted; and it is well to prolong
this curve through a revolution and a half, in order to be able
to use the ingenious methods of superposition devised by
ScHwaRrzscH1LD and ZURHELLEN.,

The errors in drawing this curve have considerable effect
on the accuracy of the determination of the elements. The
most probable curve which even a practiced hand may draw
is not likely to be a perfect representation of the elliptic motion
which caused it, as it is natural to bend the curve slightly in
or out at various points to satisfy the more or less exact
observations. This difficulty is fundamental in all methods of
treatment, and for it there seems to be no remedy other than
by testing rapidly the first orbit found by a trial ephemeris
and making the needful small changes in the elements, to
which reference will be made later.?

1 Though ZURHELLEN mentions this unavoidable curve-error earlier in his valu-
able paper, it appears that he has not duly taken it into account, in the comparisons
which he makes at the close of his paper, of the values of w and the eccentricity
secured by his methods and those obtained by other investigators using other
methods. His values, it is true, are quite close to the values secured, in some
cases, by a rigorous least-square solution, but his values have evidently been
derived from the final curves as published. These, of course, are accurately drawn
from ephemerides and are very approximately true representations of the line of
sight component of the velocity in an elliptic orbit. Had he applied his methods
to the original preliminary curves used by the investigators with whose work he
makes comparisons, he would doubtless have found values as far removed from
the final ones as are the preliminary values secured by the method of LErmanw-
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Figure 2 gives a preliminary velocity-curve as actually
drawn for the determination of the orbit of the spectroscopic
binary « Felorum. The observations used were as follows:—

Julian Day, G. M. T. Vel. Julian Day, G. M. T. Vel.
2416546.739 + 68.5¥®  2417686.591 + 33.8*=
60.703 + 129 91.572 + 382
97651 + 65.7 92.545 + 432
6912.601 + 53.3 96.480 + 46.7
7587.844 + 586 7701.494 + 52.7
88.788 + 579 41.466 + 221
90.829 + 585 46.463 + 03
91.824 + 64.8 49.470 — 76
97.788 + 65.8 50.479 — 88
7609.790 + 62.0 51.463 —133
54.534 —21.0 53.457 —19.2
55.556 — 19.2 58.451 —29.0
58.570 —15.2 59.460 —24.6
59-545 —14.5

The small circles representing the first four observations,
which are important in determining the period, owing to their
distance in time from the later ones, are barred in the diagram.
The period, U, was assumed to be 116.65 days, and the begin-
ning of the curve is at Julian day 2416476.0. This is not
exactly at a minimum, as may be secn from the diagram.

The conditions of the problem are illustrated in Figure 1.
The XY-plane is taken as the plane tangent to the celestial
sphere at the center of motion, the Z-axis being the line of
sight in which the velocities are measured, and perpendicular
to the XY-plane. The orientatiorr of the X and Y axes in
space remains unknown. It will be seen at once that the

FiLungs.  Taking the final curve of a, Gemmorum as published, and using a
planimeter, I find by the method of LensMany-FiLnés the following values:—

Lehmann-Filhés. Final Elements.
¢ — 0.501 € — 0.503
w = 265°.36 @ = 265°.35

Using the same procedure for the curve of 8 Aurige as published with ZURHELLEN'S
paper, I derive ¢ — o.144, in close agreement with the value from his method
No. & (¢ = o0.142); for both his method No. 8 and that of LEuMANN-FILHES are
equally sensitive to an erroncous placing of the maximum, which obtains in this
curve. Shifting the maximum back a distance o.01 U, as suggested in the paper
quoted, T find ¢ — o.11 (ZURHELLEN, mean of cight methods, ¢ — 0.106).
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problem is somewhat different from that in which the orbit
of a visual double is determined. In that case the data are
the observed distances and position-angles at certain epochs,
which, when plotted, give us a projected ellipse, while the
spectrographic data are simply the times and the correspond-
ing velocities directly toward or directly away from the
observer (4 when the distance from the Sun is increasing).
The true velocities or the direction of motion in the orbital
ellipse, and the size and the position in space of the actual
orbit, must of*course always remain unknown, except in the
comparatively rare cases where visual and spectrographic
observations can be combined. It is manifest, moreover, that
if the orbit-plane were coincident with the XY-plane, such a
binary could not be detected spectroscopically, as there would
then exist no component of the velocity in the line of sight.

The following customary notation will be used :—
{J = Period,
p = mean daily motion,
i = inclination of orbit to XY-plane (not deter-
minable),!
© = ascending node on XY-plane (not determinable),
a = semi-major axis of true ellipse ¢ “
p = semi-parameter of true ellipse
o = angular distance of periastron from ascending
node,
1w — argument of the latitude, u = v + o,
r = radius vector,
t = the time,
T = the time of periastron passage,
v, M, E = true, mean, and eccentric anomalies respectively,
¢ = eccentricity, — sin¢, where ¢ is the eccentric
angle,
V' = the velocity of the center of mass of the system
as a whole (ZURHELLEN’S y).
f = constant of attraction.?

13 [

! While a and ¢ are separately indeterminable, it will be seen later that we can
find the value of asini, from which we may assign a minimum for a.

3 In the great majority of spectroscopic binaries the spectrum of one component
only is visible. This does not necessarily mean that the companion is dark, but
merely that it is considerably fainter. In this case the motion of the bright star
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By reference to Fig. 1 it will be seen that the distance
from a point S in the orbit to the XY-plane will be
g=rsintsinu.

s
o

XY plane

FIGURE 1.
The spectrograph gives us, however, not the distances from
the XY-plane, but the welocities of the star’s approach or
recession from this plane, generally cxpressed in kilometers
per second, and evidently equal to dz/dt.
Hence, differentiating,

ds _ sin 7 sin 1 dr -+ rsinicos u au
e — dt dt
From the known laws of elliptic motion we may substitute

the values
ar e sin | )
ST =_;esmi{t—ow
dat Vp ’
du /p
~r-——=~f—l ﬁ:—’; [1+ ccos (v—w)].
These substitutions give for the fundamental equation
ds .
—=—{—_-sm i (cos u + e cosw). (1)
dt \‘/P
is determined with reference to the center of gravity of the system and the
constant of attraction has the value
km ;
m +7’.

where k is the Gaussian constant. If both components are visible in the spec-
trum and the motion of one mass with reference to the other is determined,

f=kVmim'



Astronomical Society of the Pacific. 141

Now the curve of the observed velocities will have the gen-
eral appearance of a distorted sine-curve with a maximum and
a minimum at the points A and B in Fig. 2, but it is evident
that the curve as a whole is shifted a distance above or below
the zero axis by an amount equal to the velocity of approach
or recession of the binary system as a whole, and before the
observed values can be made purely periodic the velocity
of the center of mass of the system, which is a constant quan-
tity for a single system, must be eliminated from the observa-
tion values. Methods of finding the position of the line repre-
senting the velocity of the center of mass of the system will
be noted later, but for a study of some of the properties of
the curve we will suppose for the present that this velocity
of the system as a whole is known, and is represented by the
dotted line in Fig. 2. This will be called the V-axis.

It is evident from equation (1) that for a maximum velocity
cos # = 1, and for a minimum cos ¥ = — 1; i. e., at the point
A of the curve, x —=0; and at B, © = 180°; or, A and B are
the points corresponding to the star’s passage through the
ascending and descending nodes of its orbit, respectively.
Taking, then, A and B as the magnitudes of the curve ordi-
nates at the points of maximum and minimum reckoned from
the V-axis, B being taken as a positive quantity, we have

Az—f‘: sin 1 (14 ecosw),

24

B=-, sin {(1—ecosw).

\'2

fo. ..
From these equations it is clear that the term7P=sm 1 is the

half amplitude of the curve in Fig. 2. This will be denoted
by K,—i. e.

.. y B
—f—smxz K:.A_ZIZ_. i
P A—B
sintecosw — ——-—>
VP 2
A—DB
eCcCoSw — ——-~
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" The expression for the velocity measured from the zero-axis

may then be written, by placing V* =V 4+ A—b — B,
i’i:l"-}-Kcosu. (2)
dt

Instead of using the ordinates A and B measured from the
V-axis to find K, we may of course take the corresponding
A+4+B by M, — M!,

2 2

values from the zero-axis, replacing

where M, and M, are the ordinates of maximum and minimum
respectively, measured from the zero-axis.

Given the curve and the above fundamental equations, quite
a variety of methods may be used to find the elements, all
requiring about the same amount of time, providing that a
planimeter is available when using the method of LEHMANN-
FiLugs. If the computer is not provided with one of these
convenient instruments, the methods of ScHwARzscHILD and
ZUurRHELLEN will be more expeditious. Accordingly these
methods will be treated first.

SCHWARZSCHILD'S METHOD OF FINDING THE PERIASTRON
TIME, T.

Given M, and M, the observed velocities of maximum and
minimum as measured from the zero axis, draw the line whose
ordinate is }I—’—_L;\—I— In Fig. 2, M, = 4 66.4, M, = — 26.8,
therefore (M, + M,)/2 = 4 19.8. This line will be called
the mean axis, and is represented in IFig. 2 by the dot-and-dash
line. Mark on this axis the points U/2 and 3U/2; then lay a
piece of semi-transparent paper over the curve and copy on this
the curve with the mean axis, marking also the points o, U/z,
U, and 3U7/2. Shifting this copy bodily along the mean axis
for a distance {//2, rotate the copy 180° about the mean axis
—i. e. turn the copy face downward on the original curve,
keeping the mean axis in coincidence, and bringing the point
o or U7 of the copy over the point U/2 of the curve. The
curves will then cut one another in general in four points, of
which two will be the points of periastron and apastron. The
proper two points will be found without difficulty, for peri- and
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apastron must he separated in time by one half a revolution,
and must, moreover, lie on different branches of the velocity-
curve. To determine which is periastron we have the criteria:
(1) at periastron the velocity-curve is steeper with regard to
the axis than at apastron; (2) the curve is for a shorter time
on that side of the mean axis on which the point of periastron
lies. By following this procedure we find in Fig. 2 that
periastron lies at the point 4 98.8 days from the epoch, giving
for the dates of periastron J. D. 2416458.15, 6574.80, etc.

This ingenious method is exceedingly good, though the
writer prefers the method of LeEHMANN-FILHES when the
eccentricity is small. In these cases w and T are quite inde-
terminate, and small errors in drawing the velocity-curve will
be very troublesomne.

METHOD OF DETERMINING THE ANGLE OF PERIASTRON, o.

It may easily be verified that '/ = IV 4 K ¢ cos o represents
the position of the mean axis, and accordingly that the ordinate
of any curve point, referred to the mean axis, may be secured
from

t= ds — I =K cos u.
dt
Now at periastron v = 0 and hence 1 — w; therefore, if we
call the ordinate of periastron from the mean axis {,, we have

5.
K

Or, better, we may use the ordinates of both peri- and
apastron,

COS w =

— Cn—C.
COSw = —21_{_.

Both of these methods are at their best when  is near go°.
From Iig. 2 we take {, = — 3.2; K = 46.6; hence « = 93°.0.
Onf=—32L=439;%—&=—71; and 0w =04°4.
An entirely analogous equation may be used in case the posi-
tion of the V-axis is known. This is generally most accu-
rately determined by a planimeter and the method of
LEnMANN-FILIES, to be given later, but may also be found
from the mean axis by the requirement that the V-axis must
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lie at a distance equal to — K ¢ cos w above the mean axis.
Calling the ordinates measured from the V-axis, 2, we may
find :

S 2
COs w = ————2 K

Another method of finding w, due in its simplified form to

ZURHELLEN, is best when w is small. It consists in finding

the points on the velocity-curve where the true anomaly is

equal to = 9o°. From the fundamental equation,

& =%—V:K (sin w + e cos w), for v = —9go°,
and
L= -;;—-I'_—.K(—sinw-}-ecos«)), for v = + 9o°;
or, tL=+ K sinow,
¢, = —Ksino.
Moreover, at the points 7 = + go°,
E,=—E,
M, =—M,

b, —T=—(t,—T):

hence these points lie symmetrically in ¢ to the mean axis, and
in time to the periastron. They may accordingly be deter-
mined by rotating the curve copy 180° about the point of
intersection of the ordinate of periastron with the mean axis,
when the two intersections of the copy with the original
curve will give the points sought. The point = + 270° may
be found in like manner. As a check on the location of these
points draw the lines connecting the points v = 4 270° and
v = —00°, also that from ¢ = —g0° to v = + 9o°. These
lines should cut the mean axis at its intersections with the
ordinates of apastron and periastron, respectively. Calling the
ordinates measured from the mean axis ¢, for the point
v = —90°, and ¢{, for the point v = 4- go°, then

sine=4"& ortane=6—&

2K Cp - (a

This method is at its least advantage in the example given in
Fig. 2, for here v is close to go°. At @ = — go° in the figure
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we find its ordinate from the mean axis to be -+ 46.1, while
for v = 4 9o° we find — 45.4.

Hence sin w = 91.5/93.2, and « = 101°.0.

Other interesting properties of the velocity-curve and meth-
ods for finding the periastron-angle and eccentricity are de-
rived by ZurRHELLEN. For instance, by rotating the curve copy
about the intersection of the periastron ordinate with the
V-axis instead of with the mean axis, we may find the curve
points where the eccentric anomalies are equal to + 9o°. But
these additional methods will not in general offer any
advantages over those already given.

METHODS OF DETERMINING THE ECCENTRICITY.

1. Perhaps the best is ZURHELLEN'S method of drawing the
tangents to the curve at the points of periastron and apastron.
These can be drawn with considerable accuracy, except when
the periastron falls near a maximum or minimum of the curve,
for in this case slight changes in the position of periastron
will cause considerable changes in the inclinations of the
tangent-lines. The expression for the tangent will be

d{ 2r d¢ 2r I d;

4= U dM ~ U 1—ecosE’ dE
From u = v + w, and by introducing the known values

cos E —sin ¢ . cos ¢ sin E
sy = -~ ——-—2Xl, sinv— -- ——
1—ecosE 1—ecosE

the original velocity equation will take the form

cos ¢ cos w cos E —sinw sin E,

’
 1—ecosE

_dz _ .
(_m_lﬁcosd’

whence

a¢ 2w . cos¢cos.»smE—sxm»cosE-l—esmw
=g keoss— (1—ccos E)°

At periastron E = o, and at apastron E = »; whence

‘dC'_—21r'K cos ¢ sinw
dt, — U(1—e)?

d{ _ +2nK cos¢ sine
dt, — U(1+4e)?

]
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From these values
tan, __ I4+e¢ \*__ 2
tan, 1—e¢ “

9=
or e=+4-— q e -
In Fig. 2 the value of the tangent at periastron is 104°.8,
while at apastron it is 60°.9; whence ¢ = 1.45 and e = 0.18.
2. Draw the V-axis and determine the ordinates from this
axis of the maximum and the minimum, and also of peri- and
apastron. Using = for these ordinates,
¢ — Smaxt Smin
“p
3. The following method is that of SCHWARZSCHILD as sim-
plified by ZurRHELLEN. [t is best when o is small, and to be
applicable for eccentricities over 0.2 implies the use of
ScrwarzscuiILp's table, of which the necessary portion is
given below. It depends upon the difference in time of the
ordinates of the points 7 = 5= 9o°, before determined.
Since tan 4 £ = tan 15 v tan (45° — V5 ¢), for v = = 9o°,
we have tan 4 ¢ = == 1, and therefore £, = — (90° — ¢) and
E,=+ (90° —¢). Similarly,

~
~a

sin ¢ sin (()q »—_qS)

sin 1’

M, =—1(90°—¢) + -

sin ¢ sin mo —¢)
sin 17
sin (180° — 2¢)

3060°
(t,—t) = — __ <Y
U ( ) =180°—2¢ sin 1”7

M, =+ (90°—¢) — -
M,— M, =

t, —t, may be read off directly from the diagram, and go° — ¢
can then be taken directly from SciwarzsciiLp’s table. For
small values of ¢ (¢ < 127, ¢ < 0.2) the table may be replaced
by the shorter formula,

1, —t,
¢ =00° (1% —*’—(‘I,—)
From Fig. 2 we have t, = Ro.0 days, t, = 117.8 days, hence
t,—1
=~ ==0.324: whence from the table, 90° — ¢ = 73°.7 and

7

e=o0.28 Using the shorter formula, ¢ =0.27. The di-
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vergence from the other values which have been secured is
because o is so near to 9o°, the most unfavorable case for
this method.

SCHWARZSCHILD'S TABLE FOR THE EQUATION

t,—t,
2y—SIN2g=272 .

t,—t, t,—t, t.—t,

v ] [ ] A
0°  0.0000 30° 0.0290 60°  0.1956
1 0.0000 31 0.0318 61 0.2040
2 0.0000 32 0.0348 62 0.2125
3 0.0000 33 0.0380 63 0.2213
4 0.0001 34 0.0414 64 0.2303
5 0.0001 35 0.0450 65 0.2393
6 0.0002 36 0.0488 66 0.2485
7 0.0004 37 0.0527 67 0.2578
8 0.0006 38 0.0568 68 0.2673
9 0.0008 39 0.0611 69 0.2769

10 0.0011 40 0.0656 70 0.2867
It 0.0015 41 0.0703 71 0.2066
12 0.0020 42 0.0751 72 0.3005
13 0.0025 43 0.0802 73 0.3166
14 0.0031 44 0.0855 74 0.3268
15 0.0038 45 0.0910 75 0.3371
16 0.0040 46 0.0967 76 0.3475
17 0.0055 47 0.1025 77 0.3581
18 0.0065 48 0.1085 78 0.3687
19 0.0077 - 49 0.1147 79 03793
20 0.008¢) 50 0.1212 8o 0.3900
21 0.0103 SI 0.1278 81 0.4008
22 0.0117 52 0.1346 82 0.4117
23 0.0133 53 0.1416 83 0.4226
24 0.0151 54 0.1488 84 0.4335
25 0.0170 55 0.1561 85 0.4446
26 0.0191 56 0.1636 86 0.4557
27 0.0213 57 0.1713 87 0.4667
28 0.0237 58 0.1792 88 0.4778
2( 0.02062 59 0.1873 89 0.4889

30 0.0200 60 0.1956 9o 0.5000
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METHOD OF LEHMANN-FILHES.

It has not seemed advisable to segregate the separate steps
- in this method for inclusion with the other methods given
before. The method of LEAMANN-FILHES will be found very
generally useful, and little, if any, longer than other methods,
providing a planimeter is used.

Given the observations and the velocity-curve, the first step
is the fixing of the position of the velocity of the center of
gravity of the system,—the so-called V-axis. This is found
by the requirement that the integral of dz/dt,—that is, the area
of the velocity-curve,—must be equal for the portions of the
curve above the V-axis and below it. By far the easiest
method of performing this integration is to use a planimeter.
A line is first drawn by estimation as nearly in the correct
position to fulfil the requirement of equal areas as can be
judged by the eye. Placing the planimeter pointer at the
intersection of this line and the curve, trace out the curve
lying on one side of the line in, say, a clockwise direction, and,
on reaching the starting point, traverse the portion of the
curve on the other side of the line, in the counter-clockwise
direction. The readings of the planimeter will then give
directly the difference in the two areas, and the position of
the V-axis may be shifted slightly to correct the difference.
A second double circuit by the planimeter will generally be all
that is necessary to secure an accurate value of the position
of the V-axis, not depending simply upon the magnitude of
maximum and minimum as in the previous methods. but sup-
ported by the entire curve. The increased accuracy is of little
importance, however, as it will be found best to correct what-
ever value of V may be adopted by the residuals from the final
ephemeris. If a planimeter is not available, doubtless the best
method to equalize the areas above and below the curve will
be to draw the curve on cross-section paper and make a count
of the small squares, as suggested by RaMBavut. The position
may also be found by an approximate mechanical integration,
as advised by LEHMANN-FILHIES, but in such a case the shorter
methods explained above for finding the elements would
generally be given the preference.

Given the position of the V-axis, the ordinates should next
be drawn at the points of maximum and minimum velocity
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(Aa, Bb in Fig. 2). It is at this point that this method is
weakest and most subject to error, for slight errors in the
fixing of the positions of these ordinates may easily arise. It
is best to check the positions of these ordinates by the require-
ment that the curve portion AaC must be equal in area to CbB,
while DaA = BbD.

Considering V as eliminated from the velocities, at the curve
points C and D, we have dz/dt =o0; hence, from the
fundamental velocity equation,

A—B,
T A+B
The argument of -the latitude, u,, corresponding to the

point C, lies on the way from the ascending to the descending
node, hence sine u, is positive. Then,

COSt# — —¢€ COSw =

sin %, = 2VAB
‘= AFB’
cosw, =~ 2B L cose;
A+4+B
while for u, at the point D
. 2VAB .
Smuzz—l\/_*_—B:—smul,
COS 4, = A—B = cos u
» =T AFB O

Denoting the area of AaC by Z,, and bBD by Z, (it
will be seen that these areas represent the distances of the
star from the XY-plane when at the points of its orbit cor-
responding to the arguments of the latitude u, and u;) and
the radii vectors by r, and r,, we have

Z, = r, sin tsinu,,

Z,=r,sin isinu, = —r, sintsinu,,
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Then, since
r,= 4 ’
I+ ecos (%, —w)
r,= 4 ’
I+ ecos (#, + o)
I+4ecosu, cosw—e siny, sine __  Z,.
. . _———
I+ e cosu, cosw+ ¢ sinu, sine Z,
and, since cos %, — — e COS w,
sinu, —esine _ Z,
sinu, +esine =~ Z,
Whence,
. Z,+ 7, .
esine = >——" sinu
Z, — Zl 1
which may be written in the form
. 2VAB Z,47Z
esine = v : + 2,

A+B ' Z,—Z,

As it was found earlier from a consideration of the vaiues
A and B that
€ COS w = A;E;
A4+ B

these two equations give all that is needed for a determination
of ¢ and w. The values of A and B are taken from the curve,
and the areas Z, and Z, are quickly integrated from the curve
portions AaC and bBD) by means of a planimeter (the latter
area is considered negative in sign and the unit of area used
is entirely immaterial as only the ratios of the areas are
required).

At the time of passing through periastron ¥ — o, whence
from the fundamental equation

-~

—d—tp—_I\ (1 4 ¢) cos w.
Knowing K, e, and o, determine this value, and the abscissa
of the point on the curve which has the above value as ordinate
will give the value of T when properly combined with the
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epoch used for the beginning of the curve. As at the points
A, B, and A,, u equals o, =, and 2x, respectively, and as o is
known, there will be no ambiguity as to the position of ¥ = o.

We may instead determine the eccentric anomaly at the
point C where 1, is known, and then find the time from peri-
astron, ¢, corresponding to this value of u, by the well-known
formule

3“5.: I—e tan ad m,
2 1+e 2
2r
k=T’
E,—esinE
T—=t ——2 ¢S5,
®

The equation for the mean daily motion may be transformed
as follows:—
2 f A4+B Vp 1
FP=T =t = 2 sini at
from which the following equation for the product of the
separately indeterminable @ and sini may be derived. The
factor 86,400 must be introduced because the unit of time for
A and B is the second, while for p it is the day.

a sin { = 86,400 +B VI—¢ = [4.13833] KU v1—e%

In the use of the method of LEEMANN-FILHES slight inaccu-
racies in drawing the preliminary curve when the eccentricity
is small are less troublesome than in the methods of super-

. position given before. For eccentricities under o.10 all meth-
ods are apt to give too large values of the eccentricity, and it
is well in such cases to reduce the first value found considerably
and test a small value first.

EXAMPLE OF METHOD OF LEHMANN-FILHES (FROM FIG. 2).

A =463 K= AtH = 46.6
2
B =469 Z, = 4 0.168
A+ B=932 Z,= —o0.259
A—B=—06 Z,4+7Z,=—0.091

Z,—Z,=—o0427
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log VAB  1.6684 logZ, +Z, 8.9590n
colog (A 4+ B) 8.0306 cologZ,—Z, 0.3696n

log (A —B) 9.7782n sin 4, 0.0000
. log2 0.3010 e sin 9.3286
sin u, 0.0000 e cos o 7.8808n (= — cosu,)
COS #, 7.8088 tan o 1.4478n
u, 89°.63 M 92°.04
loge 9.3289
e 0.21
log (1 + ¢) 0.0828 const. log 4.1383
Cos 8.5519n K 1.6684
log K 1.6684 U 2.0669
0.3031n V1—e* 9.9902
ordinate , = — 2.0*™ asini  7.8638
t, = 98.4 days = 73,000,000*™

T = J. D. 2416457.75
(The longer method gives 6458.0.)

IMPROVED ELEMENTS.

Whatever the method used to determine the elements, it will
always be necessary to test the elements as derived and make
small changes in them before they can be regarded as a satis-
factory representation of the observations. To do this a test
ephemeris is rapidly computed for ten or twelve points of the
curve. I being, as before, the velocity of the system as a

whole, and placing I =V 4 Kecoso=V + A—B

, the

necessary formule for the ephemeris are

dz . -
i 1" 4+ K cos u,

tan 5 (1t — w) :\/—;—iz tan B E,
M —=E —esinE,

M=pu(t—T).

Collecting the elements as derived by the method of
LEEMANN-FILHES, with the necessary constants, we have :—
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U = 116.65 days p° = 3°.0861
¢ =o0.21 logV :—i—%z 0.0926
T = 2416458.0 A—;B= —o0.3

K =466 V’'=+ 204
©=92°04

V =4 207

Then, at the point where ¢t = 20 days, on Fig. 2, we have
the following sample from the test ephemeris:—

t = 2416496.0
t—T =380 Y (4 — o) = 79°.23
M = 148°.13 u—o =158.46
E=1 53.50 (From Astaano’s Hilfstafeln) u = 250.50
tan 14 E = 0.6281 nat cos # =—0.334

tan 4 (4t — ») = 0.7207 V’ 4+ K cos 4 = dz/dt = + 4.8

In this way a test ephemeris was rapidly computed for the
points 0, 10, 20 days, etc., of Fig. 2. The resulting curve, to
save confusion, is not drawn in, but its position is represented
by the heavy black dots. A study of the discrepancies shows
that e is a little too large, the branch on the apastron side
being somewhat too sloping, while the other slope is a little
too steep. When e is changed we shall also need to make
small changes in T and w. Making one or two changes in
this way, and testing at critical points of the curve, the fol-
lowing elements were finally decided upon as best satisfying
the observations :—

V=4 219™

U = 116.65 days
e=o0.19

K= 46.5

w =06°.23

T = J. D. 2416459.0
a sin { = 73,000,000%™
The correction to the value of V' was found last of all from
the residuals of the final ephemeris by the simple formula
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[2] , where 1 is the number of observations and v the resid-
" A
ual, o—c. The residuals from the final ephemeris and the

final curve may be found in Lick Observatory Bulletin, No.
122, 1907.

Combining the best results from the methods of ScHWARz-
scHILD and ZURHELLEN, we would have the following
elements :—

T = 2416458.15

o =04.4

e =0.18

K = 46.6
V' =+ 198

I+4e
log \/ T — 0079

A test curve from these elements was also computed, and its
position is represented by the small crosses at the points 5, 15,
25, etc.,, days. These elements are seen also to need small
corrections, but on the whole are rather nearer the observa-
tion curve than are the values secured by the method of
LEnMANN-FILHES, as the position of periastron is about the
most favorable for the determination of the eccentricity by
ZURHELLEN's methods of tangents.

With some experience it is possible to secure elements which
would be little, if any, bettered by a least-square solution,
unless a large number of well-determined velocities are avail-
able, extending over a considerable interval of time. For
completeness, however, the least-squares formule are given
here as derived by LEHMANN-FILHES :(—

) %: (cos 1 + e cosw) 8K

sin u sin ¢
+ K [cos«»———l—éz— (2+ecoszv)] 8e

— K (sinu -+ esino) 8o
1

—HKsinu (1 +ecosv) (t—T) D
(1—e*)

p

i -+ sinu (14 ecosz)? - _Ke o1
(1— ‘,z)i
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In. case both spectra are visible and the motion of one star
is determined with reference to the other f==F% Vm 4 m’,
and an equation for the relation of the masses is found from
the relation

_kVmtm

= -T—,
giving
,_ p*(asini)?®

M= iy

where A, B, and asini are to be expressed in terms of the
mean distance of the earth from the Sun. If the velocity of
the center of mass of such a system has also been determined,
then from this the relation of both masses is known, for each
mass may then be represented separately in the form

constant
Tsinti

Further data as to methods of treating the comparatively
rare cases where both spectra are measurable are given in
ZURHELLEN’S last paper.

In the still rarer ‘cases where both visual and spectrographic
observations of a system are at hand, valuable results as to the
parallax and relative masses of such systems may be secured.
Reference may be made here to Professor Hussey's deter-
mination of the parallax of 8 Equules (Lick Observatory Bul-
letin, No. 32), Professor WRIGHT’s value of the parallax of
a Centauri (Lick Observatory Bulletin, No. 60), and to Dr.
CaMPBELL’s discussion of the variable radial velocity of Sirius
(Lick Observatory Bulletin, No. 70).

Tre D. O. MiLLs ExpepiTION,
SanTIAGo, CHILE, October, 1907.
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ECLIPSES AND TRANSITS OF THE SATELLITES
OF SATURN OCCURRING IN THE YEAR 1908.

By HERMANN STRUVE.

For the present year the cycle of eclipses and transits of
the satellites of Saturn extends over all inner satellites, includ-
ing Rhea, the latter being eclipsed only during the earlier
months, till September, before the opposition of the planet.

An interesting feature of the present cycle of eclipses is,
that the disappearances of the satellites before opposition occur
generally at a greater distance from the limb of Saturn than
the reappearances after opposition, and are therefore easier to
observe. In the preceding years, before the Earth had passed
the plane of the ring, the contrary was the case—i. e. the
reappearances could be observed at the greater distance from
the planet.

Of particular interest is the remark, that in the case of Rhea,
describing only a small chord through the shadow-cone of
the planet, both phenomena, the disappearance and the reap--
pearance, occur geocentrically outside of the limb, and can
be observed together. And as the predicted times of disap-
pearance and reappearance depend chiefly and in a very high
degree on the assumed polar diameter of the planet, the
observation of these phenomena will be of great value for the
derivation of this constant, unknown at present to some tenths
of a second. To direct the attention of the observers to these
interesting observations, I have first collected the data for the
eclipses of Rhea, which can be observed also with smaller
instruments.

The tables of the eclipses of the other satellites are arranged
in the same manner as in the preceding years.! For these
satellites only the disappearances are visible before opposition,
and only the reappearances after opposition. The first column
contains the day of the month, the second the eclipsed satellite,
the third the Greenwich time of disappearance or reappear-

! Sec these Publications, Vol. XVIII, p. 203: Vol. XIX, p. 125.
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ance, and the last, headed s and p, the geocentric place of the
satellite at the given time—i. e. the distance of the satellite
from the limb of the planet, and the position-angle, counted
from the north point of the minor axis of the disk to the east.
The duration of the appearances may be, in the case of Tethys
and Dione, two or three minutes, in the case of Rhea, passing
near the surface of the shadow-cone, much longer. The time
of first or last seeing must be noted, and also the times of
equal brightness by comparison with the other satellites.

Finally are added the approximate Greenwich times, when
the shadows of the satellites Tethys, Dione, and Rhea cross
the minor axis of the disk, together with their distances from
the center of the disk at the time of conjunction. Possessors
of powerful instruments searching for the shadows may decide
the question, whether they are discernible on the disk of the
planet.

The present opposition of Saturn will be the last for many
years, where the brighter satellites will be eclipsed. In the
next year only eclipses of Enceladus and Mimas will take
place. On account of the important conclusions, to which the
observations of the eclipses lead, it is to be hoped that the
favorable opportunity will not be lost, and that the observers
will duly attend to these rare and interesting phenomena.

In the preparation of the following tables I was kindly
assisted by Dr. NEUGEBAUER :—

RovaL OBservAaTORY, BERLIN, April, 1908.
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EcrLipses oF RHEa.

s and 9 denotc the geocentric place of Rhea at the time of disappearance or
r e—i. e. the distance from the limb of the planet, and the position-angle,
counted from the north point of the minor axis to the east.

dt for Meridian

1908. Gr. M. T. s da — 0”1 Passage.
June 15. Disapp. 17h gom 7”1 232°  _
15. Reapp. zg 7 19 189 F2@ 19°om
20. Disapp. 9 7 2 232 —
20. Reapp. 8 32 2.1 191 *2 18 42
24. Disapp. 18 38 7 .4 231 - 2 18 27
24 Reapp. 20 57 2.3 19 *
29. Disapp. 7 7 7.5 231 —
Jay D Reaw. 0z 25 T 2 B8
uly 3. Disapp. 19 3 7.5 230 —
3 lll)eapp. 2§ 47 2.6 193 + 2 17 53
8. Disapp. 5 7 .5 230 —
8. Reapp. 10 13 2.7 194 +3 17 34
12. Disapp. 20 34 7 4 229 —
- 12, RDgapp. 22 38 2.8 ;gzg +3 17 18
17. isapp. 9 4 73 -
17. Reapp. I 2 2 8 ;gg *3 16 s9
21. Disapp. 21 33 7.1 —_
:é. Reapp. 23 27 2 g 195 *3 16 43
Disapp. 10 3 8 227 _
26. Reapp. 11 52 2 .8 195 *3 16 24
30. Disapp. 22 32 6.5 2206 - 6 8
A 3L %;app. o 16 2.7- 195 *3
ug. 4 isapp. 11 3 2 225 _
4. Reapp. 12 40 2.7 195 *3 15 48
8. Disapp. 23 33 5.8 224 _
9. Reapp. 1 5 2.6 195 + 4 Is 32
13. Disapp. 12 3 5.3 222 _ p—
13. Reapp. 13 28 2.5 104 +4 5
18. Disapp. o 34 4 8 220 _ I I
18. Reapp. 1 52 2.3 104 + 4 45
22. Disapp. 13 4.3 218 _
22. Reapp. 14 I5 2.1 193 +5 14 35
27. Disapp. 1 38 3.6 215 _
27. Reapp. 2 38 1.9 193 F6 14 14
31. Disapp. 14 11 3.0 211 _ 1
31. Reapp. 14 59 1.8 193 -+ 3 57
Sept. 5. Disapp. 2 46 2 .4 207 -8 .
5. Reapp. 3 19 1.6 103 -+ 3 37
9. Eclipse? 13 1.5 108 16 13 20
(Hcliocentric conj.)
14. Eclipse? 3 57 12 59
(Heliocentric conj.) )
18 Eclipse? 16 24 12 42

(Heliocentric conj.)

In computing these data, the values of the semi-axes of
the planet were assumed to be: @ = 8”.735, b = 7”7.825, at the
mean distance. On this supposition the latest eclipse of Rhea
will take place September sth. Supposing the semi-axes 0”.1
larger, the end of the cycle of eclipses falls on the date Sep-
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tember gth, and the times of disappearance and reappearance
will change by the quantities, expressed in minutes, given in
the column headed “dt for da = 0”.1.” The predicted times
might therefore be changed greatly by the size of the planet,
by the penumbra, etc., which could here not be taken into
account.

It will be worth while to watch the satellite until its latest
eclipses, in September, and to ascertain precisely the end of
their cycle. For these observations, also, photometers may be
used with success, as the brightness of the satellite will vary
slowly.

EcLipPSES OF THE INNER SATELLITES OF SATURN, 1908.

Disappearance before opposition.

s and p denote the geocentric place of the satellite at the time of its disappear-
ance—i. e. the distance from the limb of the planet, and the position-angle, counted
from the north point of the minor axis to the east.

1908. Gr. M. T. s. p. 1908. Gr. M. T. s, ?.
July 1. Mi. 23h 4m 276 256° | July1o. Di. 4b16m 5”7 239°
- Di. 23 10 5.7 239 Mi. 10 38 2.6 256
2. Te. 11 34 4.5 243 En. 19 20 3.6 248
En. 14 o 3.6 248 11. Mi. 9 16 2.6 256 .
Mi. 21 41 2.6 256 Te. 22 8 4.5 243
3. Rh. 19 36D 7.5 23 12 En. 4 13 3.6 248
Mi. 20 18 2.6 256 Mi. 7 53 2.6 256
Rh. 21 47R 2 .6 193 Rh. 20 4D 7 .4 229
En. 22 54 3.6 248 Di. 21 58 5.7 238
4. Te. 8 52 4.5 243 Rh. 22 38R 2 .8 194
Di. 16 52 5.7 239 13. Mi. 5 30 2.6 256
Mi. 18 356 2.6 256 En. 13 6 3.6 248
5. En. 7 47 3.6 248 Te. 19 27 4.5 242
Mi. 17 33 2.6 256 14 Mi. 4 7 2.6 256
6. Te. 6 11 4.5 243 En. 21 59 3.6 248
Mi. 16 10 2.6 256 15. Mi. 2 4 2.6 256
En. 16 40 3.6 248 Di. 15 40 5.6 238
7. Di. 10 34 5.7 239 Te. 16 46 4.5 242
Mi. 14 47 2.6 256 16 Mi. 1 21 2.6 255
8 En. 1 33 3.6 248 En. 6 52 3.6 248
Te. 3 30 4.5 243 17. Mi. o0 59 2.6 255
Rh. 8 sD 7.5 23 Rh. 9 4D 7.3 228
Rh. 10 1I3R 2.7 194 Rh. 11 2R 2 .8 195
Mi. 13 24 2.6 256 Te. 14 4 4.5 242
9. En. 10 26 3.6 248 En. 15 46 3.6 248
Mi 12 1 2.6 256 Mi. 23 36 2.6 255
10. Te. o0 49 4.5 243 18. Di. 9 22 5.6 238
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1908. Gr. M. T. s p.‘ 1908. Gr. M. T. s, ».

Sept.17. Te. 21h29m 1”0 235° | Sept.24.En. 4t 9 0”5 245°

18 Mi. 4 35 0.7 250 Mi. 18 s6 0.3 249

Rh. 16 24 Eclipse? Di 20 1 0.4 226

En. 16 36 0.9 245 25. Te. 10 45 0 .4 234

19. Mi. 3 12 0.6 250 En. 13 2 0 .4 245

Di. 8 36 1.0 228 Mi. 17 34 0.3 249

Te. 18 48 0.9 235 26. Mi. 16 11 0.2 249

20. En. 1 29 0.8 245 En. 21 56 0.3 245

Mi. 1 50 0.6 25 27. Te. 8 4 0.2 233

21. Mi. o 27 0.5 250 Di. 13 44 0.1 225

En. 10 22 0.7 245 Mi. 14 48 0.2 249

Te. 16 7 0.7 234 28. En. 6 49 0.2 245

Mi. 23 4 0.5 249 Mi. 13 26 0.1 249

22. Di. 2 18 0.7 227 29. Te. 5 23 0.1 233

En. 19 16 0.6 245 Mi 12 3 0.1 249

Mi. 21 42 0.4 249 En. 15 42 0.1 245

23. Te. 13 26 0.6 234 30. Mi. 10 41 0.0 248
Mi. 20 19 0.4 249

Reappearance after opposition.

s and p denote the geocentric place of the satellite at the time of its reappear-
ance—i. e. the distance from the limb of the planet, and the position-angle, counted
from the north point of the minor axis to the east.

1908. Gr. M. T. s b. 1908. Gr. M. T. s. p.
Oct. 1. En. 2hgsym 0”0 115° | Oct.10. Mi. 21h3ym 0”3 112°
Mi. 11 24 0.0 113 1. Di. 8 18 0.0 132

2. Mi. 10 2 0.0 II3 Mi. 20 14 0.3 112
En. 11 5 0.0 IIS 12 En. 2 3 0.4 112

3. Mi. 8 39 0.0 113 Te. 12 45 0.2 125
En. 20 44 0.1 115 Mi. 18 51 0.3 III

4. Mi. 7 16 0.0 I3 13. En. 10 57 0.5 112
Te. 23 30 o.0 128 Mi. 17 29 0.4 III

5. En. 5 37 0.1 114 14. Di. 2 o 0.1 130
Mi. 5 53 o.1 113 Te. 10 3 0.3 124

6. Mi. 431 0.1 1I2 Mi. 16 6 0.4 IIT
En. 14 30 0.2 114 En. 19 50 0.5 II2
Te. 20 49 0.0 127 15. Mi. 14 43 0.4 III

. Mi. 3 8 0.1 TI12 16. En. 4 43 0.5 III
En. 23 24 0.3 113 Te. 7 22 0.3 123

8 Mi. 1 45 0.2 112 Mi. 13 20 0.4 III
Di. 14 37 0.0 133 Di. 19 41 0.2 129
Te. 18 7 o.1 127 17. Mi. 11 58 0.5 IIO

0. Mi. o 22 0.2 112 En. 13 37 o.6 111
En. 8 17 0.3 II13 18 Te. 4 41 0 .4 123
Mi. 23 o 0.2 112 Mi. 10 35 0.5 IIO

10. Te. 15 26 o.1 126 En. 22 30 0.6 111
En. 17 10 0.4 113 19. Mi. 9 12 0.5 IIO
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1908. Gr. M. T. s, I3 1908. Gr. M. T. s. p.
Oct.19. Di. 13h23m 0”.3 128° [ Nov.6. Te. 1b48m 0”9 118°
20. Te. 1 59 0.4 122 Mi 7 1 1.0 108
En. 7 23 0.7 110 7. En. 2 57 1.3 107
Mi. 7 so 0.5 II0 Mi. 5 38 1.0 108

21. Mi. 6 27 0.6 110 Di. 17 14 0.9 I21
En. 16 17 0.7 110 Te. 23 6 0.9 118
Te. 23 18 0.5 122 8 Mi. 4 16 1.0 107

22. Mi. 5 4 0.6 110 En. 11 50 1.3 107
Di. 7 4 0.3 127 9. Mi. 2 53 1.1 107°
23. En. 1 10 0.7 110 Te. 20 25 1.0 118
Mi. 3 42 0.6 110 En. 20 44 1.4 107
Te. 20 37 0.5 I21 100 Mii 1 30 1.1 107

24. Mi. 2 19 0.7 100 Di. 10 55 0.9 120
En. 10 3 0.8 100 1. Mii o 8 1.1 107
25. Di. o0 46 0.4 126 En. 5 37 1.4 107
Mi. o 56 0.7 109 Te. 17 44 1.0 117
Te. 17 56 0.6 121 Mi. 22 45 1.2 107
En. 18 357 o .8 109 12. En. 14 30 1.5 107
Mi. 23 33 0.7 109 Mi. 21 22 1.2 107

26. Mi. 22 11 0.7 109 13. Di. 4 37 1.0 I1I9
27. En. 3 50 0.9 109 Te. 15 3 1.1 117
Te. 15 14 0.6 12 Mi. 20 o 1.2 107
Di. 18 27 0.5 124 En. 23 24 1.5 107
Mi. 20 48 o .8 109 14. Mi. 18 37 1.2 107

28. En. 12 43 0.9 109 15. En. 8 17 1.5 106
Mi. 19 25 0.8 109 Te. 12 22 1.1 117

29. Te. 12 33 0.7 120 Mi 17 14 1.3 107
Mi. 18 3 0.8 109 Di. 22 18 1.1 119
En. 21 37 1.0 109 16. Mi. 15 52 1.3 106

3. Di. 12 ¢ 0.6 123 En. 17 nn 1.6 106
Mi. 16 40 0.8 109 17. Te. 9 40 1.2 117

31. En. 6 30 1.0 108 Mi. 14 29 1.3 106
Te. 9 52 0.7 119 18 En. 2 4 1.6 106
Mi. 15 17 0.8 108 Mi. 13 6 1.3 106
Nov.1. Mi. 13 54 0.9 108 Di. 16 o 1.1 118
En. 15 24 1.1 108 19. Te. 6 59 1.2 116

2. Di. 5 s1 0.7 122 En. 10 57 1.6 106
Te. 7 10 0.8 119 Mi. 11 44 I .4 106
Mi. 12 32 0.9 108 20. Mi. 10 21 1.4 106

3 En. o 17 1.1 108 En. 19 51 1.7 106
Mi. 11 ¢ 0.9 108 21. Te. 4 18 1.3 116

4. Te. 4 29 o.8 119 Mi. 8 s8 1.4 106
En. 9 10 1.2 108 Di o9 41 1.2 118
Mi. 9 46 0.9 108 22. En. 4 44 1.7 106

Di. 23 32 0.8 122 Mi. 7 35 1.4 106

5. Mi. 8 24 1.0 108 23. Te. 1 37 1.3 116
En. 18 4 1.2 108 Mi. 6 13 1.4 106
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1908. Gr. M. T. 8. ». 1908. Gr. M. T. 8. ».
No.23. En. 13838 1”7 106° | Dec.11. Mi. 4h 2m 1”6 104
24. Di. 3 23 1.2 18 En. 9 12 2.0 105
Mi. 4 50 1.5 106 Te. 22 45 1.5 115
En. 22 31 1.8 106 12 Mi. 2 39 1.6 104
Te. 22 56 1.4 116 En. 18 5 2.0 IO5

25. Mi. 3 27 1.5 10§ 1I3. Mi. 1 16 1.6 104
26. Mi. 2 5 1.5 10§ Di. 7 12 1.2 18
En. 7 24 1.8 106 Te. 20 3 1..5 II5
Te. 20 14 1.2 118 Mi. 23 54 1.6 104
Di. 21 4 1.4 116 14 En. 2 59 2.0 105

27. Mi. o0 42 1.5 I0§ Mi. 22 31 1.6 104
En. 16 18 1.9 106 15. En. 11 52 2.0 I0§
Mi. 23 19 1.5 10§ Te. 17 22 1.5 116

28. Te. 17 33 1.4 II5 Mi. 21 8 1.6 104
Mi. 21 57 1.5 105 16. Di. o0 54 1.2 119
29. En. 1 11 1.9 I0§ Mi. 19 46 1.6 104
Di. 14 46 1.2 118 En. 20 46 2.0 106
Mi. 20 34 1.5 10§ 17. Te. 14 41 1.5 116

30. En. 10 5 1.9 IOS Mi. 18 23 1.6 104
Te. 14 52 1.4 11§ 18 En. 5 39 2.0 106
Mi. 19 11 1.5 10§ Mi. 17 o 1.6 104
Dec. 1. Mi. 17 49 1.6 105 Di. 18 35 1.1 119
En. 18 58 1.9 105 19. Te. 12 o 1.4 116

2. Di. 8 27 1.2 118 En. 14 32 2.0 106
Te. 12 11 1.4 115 Mi. 15 38 1.6 104
Mi. 16 26 1.6 105 } 20. Mi. 14 15 1.6 104

3 En. 3 51 1.9 105 En. 23 26 2.0 106
Mi. 15 3 1.6 105 ‘ 21. Te. 9 18 1.4 116

4. Te. 9 30 1.4 115 Di. 1z 16 1.1 120
" En. 12 45 1.9 105 ‘ Mi. 12 52 1.6 104
Mi. 13 41 1.6 105 22. En. 8 19 2.0 106

s. Dii 2 8 1.2 118 Mi. 11 30 1.6 104
Mi. 12 18 1.6 105 23. Te. 6 37 1.4 116
En. 21 38 1.9 105 Mi. 10 7 1.6 104

6. Te. 6 48 1.4 115 En. 17 13 2.0 106
Mi. 10 55 1.6 105 24. Di. 5 58 1.0 12

7. En. 6 32 2.0 105 Mi. 8 44 1.6 104
Mi. 9 33 1.6 103 25. En. 2 6 2.0 106

Di. 19 50 1.2 118 Te. 3 56 1.4 117

8 Te. 4 7 1.4 115 Mi. 7 22 1.6 104
Mi. 8 10 1.6 104 26. Mi. 5 59 1.7 104
En. 15 25 2.0 105 En. 11 o 2.0 106

9. Mi. 6 47 1.6 104 Di. 23 39 1.0 121
10. En. o 18 2.0 105 27. Te. 1 15 1.4 117
Te. 1 26 1.5 115 Mi. 4 36 1.7 104
Mi. 5 24 1.6 104 En. 19 53 2.0 106

Di. 13 31 1.2 18 | 28 Mi. 3 13 1.7 104
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1908. Gr. M. T. s. ». 1909. Gr. M. T. s. ?.
Dec.28. Te. 22h34m 174 117° | Jan.13. Te. 1b 4m 1”2 120°
29. Mi. 1 I 1.7 104 Mi. 3 47 1.6 104
En. 4 47 2.0 106 En. 6 34 1.8 108

Di. 17 20 0.9 121 14 Mi. 2 24 1.6 104

30. Mi. o 28 1.7 104 En. 15 28 1.8 108
En. 13 40 2.0 106 Te. 22 22 1.1 120
Te. 19 52 1.4 117 15. Mi. 1 2 1.6 104
Mi. 23 5 1.7 104 Di. 3 24 0.3 127
31. Mi. 21 43 1.7 104 Mi. 23 39 1.6 104
En 22 34 1.9 106 16. En. o 21 1.8 108
1909. Te. 19 41 1.1 121
Jan. 1. Di. 11 1 08 122 Mi. 22 16 1.6 104
Te. 17 11, 1.3 118 17. En. 9 14 1.7 108
Mi. 20 20 1.7 104 Mi. 20 53 1.5 Io4

2. En. 7 27 1.9 106 Di 21 g4 0.2 129
Mi. 18 57 1.7 104 18 Te. 17 o 1.0 I21

3. Te. 14 30 1.3 118 En. 18 8 1.7 108
En. 16 20 1.9 107 Mi. 19 31 1.5 104
Mi. 17 34 1.7 104 19. Mi. 18 8 1.5 104

4. Di. 4 42 0.7 123 20. En. 3 1 1.7 109
Mi. 16 12 1.7 104 |. Te. 14 18 1.0 122

5. En. 1 14 1.9 107 Di. 14 4 0.1 131
Te. 11 48 1.3 119 Mi. 16 45 1.5 104
Mi. 14 49 1.7 104 21. En. 11 §5% 1.7 109

6. En. 10 7 1.8 107 Mi. 15 22 1.5 104
Mi. 13 26 1.7 104 22, Te. 11 37 0.9 123
Di. 22 22 0.6 124 Mi. 14 o 1.5 104

7. Te. 9 7 1.3 119 En. 20 48 1.6 100
Mi. 12 4 1.7 104 23. Di. 8 24 0.0 133
En. 19 1 1.8 107 Mi. 12 37 1.5 104

8 Mi. 10 41 1.7 104 24. En. 5 42 1.6 110
9. En. 3 s4 1.8 107 Te. 8 56 0.9 123
Te. 6 26 1.2 119 Mi. 11 14 1.5 104
Mi. o9 18 1.6 104 25. Mi. 9 51 I.5 104
Di. 16 3 0.5 125 En. 14 35 1.6 110

100 Mi. 7 55 1.6 104 26. Te. 6 15 0.8 124
En. 12 47 1.8 107 Mi. 828 1.5 104

1. Te. 3 45 1.2 120 En. 23 28 1.5 IIO
Mi. 6 33 1.6 104 27. Mi. 7 6 1.5 104
En. 21 41 1.8 108 28. Te. 3 33 0.8 124

12z Mi. 510 1.6 104 Mi. 5 43 1.5 104
Di. 94 0.4 126 En. 8 22 1.5 IIO
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SHADOWS OF THE SATELLITES TETHYS, DIONE, RHEA.

Crossing the minor axis of the disk at the distance y from the center.

1908. Gr.M.T. ¥ 1908. Gr.M.T. ¥y
July 1. Te. 1423  47.5 North [ Au.r0. Te. 5b8 5.4 North
Rh. 14 .5 6.8 Di. 171 6.1
3 Di. 904 5.3 1. Rh. 6 .6 8 .0
Te. 116 4.5 12z Te. 3.1 5.5
5. Te. 89 46 13. Di. 108 6.2
6. Rh. 3.0 6.9 14. Te. o0 4 5.5
Di. 3.1 5.3 15. Rh. 90 8.1
7. Te. 6 .2 4.7 Te. 21 .7 5.5
8 Di. 20 .8 5 .4 16. Di. 4 5 6 .2
9 Te. 36 4.7 17. Te. J9 .0 5.5
10. Rh. 154 7.1 18 Di. 222 6.3
11. Tee. 09 48 19. Te. 16.3 5.6
Di. 14 .5 5.5 2. Rh. 7.4 8.2
12. Te. 22.2 4 .8 21. Te. 137 5.6
14. Dii 8.2 5.5 Di. 159 6.3
Te. 19.5 49 23 Te. 110 5.6
1s. Rh. 3.9 7 .2 24. Dii 96 6.4 ]

16. Te. 16 8 49 . Rh. 199 8.3
172.Di. 19 56 25. Te. 8.3 5.6
18. Te. 14 .1 5.0 27. Di. 3.3 6 .4
19. Rh. 16 .3 7.3 | Te. 5.6 5.7
Di. 19 .6 5.6 i 29. Te. 29 5.7
20. Te. 11 4 5.0 } Rh. 8 3 8 .4
22. Te. 8.7 3.1 Di. 21 .0 6.5
' Di. 13.3 5.7 31. Te. o .2 5.7
29. Rh. 4 8 7 .4 Sept.1. Di. 14 .6 6 .5
Te. 60 5.1 Te. 21 5 5.7

25. Di. 7.0 5.8 ; 2 Rh. 08 86 °?
26. Te. 3.3 5.2 ! 3. Te. 18 .8 5 .8
28 Te. 0.6 5 .2 4. Di. 8 4 6.6
Dii o6 38 ‘ 5. Te. 16 .1 5 .8
Rh. 17 .2 7 .6 w 7. Di. 2.0 6 .6

29. Te. 220 5.3 Rh. 9.2 8. ?
30. Di. 18 .3 5.0 ' Te. 13 4 5.8
31. Te. 19 .3 5.3 ; 9. Te. 10 .8 5.8
Aug.2. Rh. 5.7 7.7 ! Di. 19.7 6.6
Di. 120 6. l 1. Te. 81 5.9

Te. 16 6 5.3 Rh. 21 .7 88 °?
4 Te. 139 5.4 , 122 Di. 134 6.7
5. Di. 5.7 6.0 13. Te. 5.4 5.0
6. Te. 11 .2 3 .4 15. Te. 2.7 5.9
Rh. 18 .1 7 8 Di. 7.1 6 .7
7. Di. 23.4 6.1 17. Tee. 0.0 5.9
& Te. 85 5 .4 18 Di. o .8 6.7
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1909. Gr.M.T. ¥ 1909, Gr.M.T. »
Jan. 2. Te. 15,0 6”4 North | Jan16. Di. 11h8 7”.5 North

Di. 19 2 7 .4 17. Te. 17 .5 6 4
4. Te. 12 3 6 4 19. Di. 5.5 7.5
5. Di. 12 .9 7 4 Te. 14.8 6.4
6. Te. 9.6 6 4 21. Te. 12 2 6.5
8 Di. 6.6 7 .4 Di. 23 .2 7.5

Te. 69 6.4 23. Te. 9.5 6.5
100 Te. 4.2 64 24. Di. 169 7.5
1. Di. o3 74 25. Tee 68 6.5
122 Te. 16 6.4 27. Te. 4.1 6.5
13. Dii. 180 7.5 Di. 10.6 7.5

Te. 22 .9 6 4 29. Te. 14 6.5
15. Te. 20.2 6 4

THE CORONAL SPECTRUM AS OBSERVED AT THE
FLINT ISLAND ECLIPSE.

By W. W. CAMPBELL AND SEBASTIAN ALBRECHT.

Two single-prism spectrographs were designed by Mr.
CampBeLL for efficiency in recording the continuous spectrum
of the corona. These and a three-prism spectrograph, referred
to below, were mounted on one clock-driven polar axis. All
were adjusted by Mr. ALBRECHT, assisted by Mr. MERFIELD,
and the programme of observations at the time of the eclipse
was carried out perfectly by Mr. MERrIELD. The slits of the
three instruments extended east and west centrally across the
Sun's image.

One of the single-prism instruments, using a Seed plate No.
27, was exposed from o™ 5° to 3™ 51°. The spectrum of the
extreme inner corona is recorded from A 3550 to A 5390. It
is very strong for the first 2’ from the limb; the intensity falls
off gradually out to a distance of 15’-20" from each limb; and
the intensity is then nearly uniform out to the ends of the
slit, 40" on the cast side of the Sun and 40’ on the west. A
continuous spectrum covers the region corresponding to the
Moon, the intensities near the ends of the slit being slightly
less than over the Moon.
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with great accuracy. The solar spectrum was impressed upon
the plate immediately after the end of the total eclipse, for
reference. No trace of the coronal line exists on the plate,
undoubtedly because of the strong absorption of the prisms.

TABLES OF THE ELEMENTS OF COMET-ORBITS,
JANUARY, 1896, TO DECEMBER, 1907.

By J. C. DuNcaN.

The following tables lrave been prepared at the suggestion
of Director CAMPBELL, to supplement those compiled by
W. C. WINLOCK, and published in Publications of the A, S. P.,
Vol. VIII, p. 141. Professor WINLOCK’s tables include all the
comets whose orbits were known and which reached peri-
helion before January 1, 1896; the tables here presented
complete the list up to the present time.

The data were derived from the various astronomical period-
icals, chiefly from the Astronomische Nachrichten and the
Astronomical Journal. In each case that set of elements was
chosen which most nearly represented the path of the comet.

Table I gives the elements of comets in order of perihelion
passage. The numbers in the first column are continued from
those of WiNLock, which are identical with the numbers in
Dr. GALLE's catalogue of comet-orbits. The second column
contains the designation of the comet according to the order
of its discovery; in the case of well-known periodic comets
this is followed by an abbreviation of the name of the comet’s
discoverer. These abbreviations are as follows:—

d'A = D’ARREST Ho = HoLMES

Bk = Brooks T, = TEMPEL (second comet)
E = ENCKE Tu = TuTTLE
F = FavE W = WINNECKE

Fi = FINLAY Wo = WoLr

The third and following columns give the orbital elements,
as follows:—
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T = time of perihelion passage, expressed in Greenwich
mean time.

o = the argument of perihelion, or the “longitude” of
perihelion minus the longitude of ascending node.

& = longitude of ascending node.

1 = inclination of orbit to ecliptic (when i > go° the mo-
tion is retrograde).

g = perihelion distance, in astronomical units.

@ = semi-major axis of the orbit, in astronomical units.

U = period of revolution about the Sun, in years.

e = eccentricity of the orbit.

The eleventh column gives the names of. the discoverers of
new comets, and the last column contains remarks pertaining
to the comets or their orbits.

In order to facilitate the comparison of the orbits of newly
discovered comets with those already known, the comets given
in Table I are rearranged in Tables II to V, in the order of
magnitude of their various elements. Each comet is there
indicated by the number applied to it in Table I, or, in the
case of the periodic comets, by the abbreviation of the
discoverer's name.

In these Publications, Vol. XIV, p. 49, Professor Hussey
extended WiNLock’s Table I to January, 1902; but as he did
not extend the other tables, the elements of those comets are
reprinted here. Hussey’s values of the elements do not differ
materially from mine.

Since this list contains few periodic comets not given in
WiINLock’s list, no classification was made in the order of
a, U, ore.
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TABLE II—CoMETS ARRANGED IN ORDER OF o.

()

0° to 10°
10 20
20 30
30 40
40 50
50 60
60 70
70 8
8 90
90 100
100 1IIO
110 120
120 130
130 140
140 130
150 160
160 170
170 to 180

Numbers.

422, 437, 454, 473, 440
444, 446, Ho, 470
434, 445

476
423, 459
458

429

466

439, 456
465, 453, 424
430

452, 464
438, 426
427‘ wo’ d'Ar w! 447

w
180° to 190°
190 200
200 210
210 © 220
220 230
230 240
240 250
250 260
260 270
270 280
280 290
200 300
300 310
310 320
320 330
330 340
340 350
350 to 360

Numbers.
E» T’n 455
467
F, 448, 472, 435, Tu

450
436

468

451, 477, 478

Fi, 472, 474
475

Bk
462, 463, 420

TABLE ITI—CoMETS ARRANGED IN ORDER OF §).

9]
0° to 10°
10 20
20 30
30 40
40 50
50 60
60 70
70 8
8 9o
90 100
100 110
110 120
120 130
130 140
140 150
150 160
160 170
170 to 180

Numbers.

453
Bk

440
429, 438

445, 452
450, Fi, 478

408, 436, 462
473, 427

437, 439, 467, 474
W, 448
454

Ts

477, A

423. 463
476

422

£
180° to 190°
190 200
200 210
210 220
220 230
230 240
240 250
230 260
260 270
270 280
280 290
200 300
300 310
310 320
320 330
330 340
340 350

350 to 360

Numbers.

475
424, 447, 472
420, F, Wo
451, 455, 459
465

426
435
Tu, 430, 470

434, 444, 458
466
456

446

432, Ho, E
464
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TaBLe IV—CoMETS ARRANGED IN ORDER OF f.

0° to 10°
10 20
20 30
30 40
40 50
s0 60
60 70
70 8
foto 9o

Numbers.
Bk, 464, 470, Fi, 477
F, 424, 426, d'A, W,
El T’, 451, 472, 476
Wo, 437, 438, Ho

447, 453, 462
454, 463, 467
422, Tu, 473

429, 436, 446, 450, 455
430, 435, 444
423, 456, 468

90° to 100°
100 110
110 120
120 130
130 140
140 150
150 160
160 170
170 to 180

s

Numbers.
459

475, 478

458, 466
448
427,
465,

420,
434

439, 440, 445,
474

452

TaBLE V—CoMETS ARRANGED IN ORDER OF q.

q

0.0 t0 0.2
02 04
04 06

0.6
0.8
1.0

0.8
1.0
LI

1 1.2
1.2 L3
1.3t0 1.4

Numbers.

E, 440, 448, 456, 467
420, 422, 438, 450, 451,
452, 453, 455, 477

435, 439, 468
W, 447, Fi, 475, 478
427, 430, Tu, 446, 465

423, 426, 463
T’» 4&1 473, 476
d’Av 429, T’r 445, 462

q

1.4t0 1.6

1.6

1.8

20
2.5

30

1.8

20

2.5
30
4.0

> 40

Numbers.

424, 434

F, Wo, 436, 444, 470,
472 :
Bk, 459

437, Ho, 474

454, 458

464
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PLANETARY PHENOMENA ' FOR JULY AND
AUGUST, 1908.

By Marcorm McNEILL.

PHASES OF THE MOON, PACIFIC TIME.
First Quarter..July 6, 12t 2sm p.M. | First Quarter..Aug. 5, 1h 40m A.M.

Full Moon...... “ 13, 1 48 p.mM. | Full Moon...... “ 11,8 50 P.M.
Last Quarter... “ 20, 4 2 A.M.| Last Quarter... “ 18, 1 25 p.M.
New Moon..... “ 27,11 17 pP.M. ! New Moon..... *“ 26, 2 50 P.M.

/

The Earth reaches its greatest distance from the Sun on
July 2d at about 11® A.M., Pacific time.

Mercury is not in good position for naked-eye observation
. during July and August. It is an evening star on July 1st,
but is very close to the Sun, and passes inferior conjunction
on July 4th, becoming a morning star. It then moves away
from the Sun toward greatest west elongation, reaching that
point on July 25th. The planet’s apparent distance from the
Sun is then 19° 51/,—a much smaller greatest elongation than
the average because it occurs less than four days after peri-
helion. It then rises a little less than an hour and one half
before sunrise, and may be seen in the morning twilight for
a few days. Tt then moves out toward superior conjunction,
reaching it on August 2oth, and becoming an evening star,
but does not reach a sufficient distance from the Sun to be
seen in the evening twilight before the close of the month.
Mercury is in conjunction with Fenus on July 15th, with
Neptune on July 28th, with Jupiter on August 18th, and
with Jars on August 20th, but none of these conjunctions
can be observed with the naked eye on account of the proximity
of the planets to the Sun.

IPenus on July 1st is, like AMercury, an evening star, very
close to the Sun, reaching conjunction and becoming a morn-
ing star on July sth. The distance between Sun and planet
increases very rapidly, so that by August 1st Fenus rises con-
siderably more than two hours before sunrise, and by the
end of the month the interval is a little more than three and
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horizon about half an hour after sunset, but only under the
best of atmospheric conditions. Conjunction with the Sun
occurs on August 17th, and the planet becomes a morning
star. By the end of the month it has moved far enough away
from the Sun so that the conditions of visibility are a little
better than they were at the beginning of the month.

Saturn rises at about midnight on July 1st, and at about
8t p.M. on August 31st. It is in the constellation Pisces, and
moves slowly eastward until July 23d, and then begins to move
westward ; but the whole motion is only about 1°, an amount
hardly noticeable, as there are no bright stars nearby so that
small changes in position can be marked. As seen in the tele-
scope, the rings appear about as they did during June, but
the Earth in its annual motion begins to draw nearer the
plane of the rings during August, and there will be slight
narrowing, which will continue until December.

Uranus comes to opposition with the Sun on July 7th, and
will then be above the horizon throughout the entire night.
By the end of August it sets at a little before 1* A.M. During
the two months’ period it moves about 2° westward in the
constellation Sagittarius, and is about 5° north of the most
eastern star in the bowl of the “milk-dipper,” not far from a
line between that star and = Sagittarii, and nearer the latter.

Neptune comes to conjunction with the Sun and becomes a
morning star on July 6th. It remains in the constellation
Gemini. :
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seldom exceeding 0”.05 in either angle or distance. In the
second place, it is evident that the size of the error is influ-
enced by the relative magnitudes of the two components, and
also by their angular separation. The interesting point is
developed that the probable error of angle measure, as well
as of distance measure, in general increases with increasing
distance, within the limits investigated.

In another number of the same jeurnal (4235), Dr. DoBERCK
continues his study of binary stars with an orbit of y Virginis.
It may be added that Dr. DoBErck has recently established a
private observatory near London, in England, and has resumed
the active observation of double stars in addition to his
mathematical researches.

Rev. T. E. EspIN continues his work on double stars with
unabated enthusiasm, as is evident from his “Fifth Series of
Measures of Double Stars” and “A List of 109 New Double
Stars,” which are published in the Monthly Notices R. A. S.
for January, 1908. Of the new pairs five are under 2” and
the majority under 10”, though a number of wider pairs
are included. The desirability of listing the wider pairs as
double stars seems questionable to the present writer. The
only object it can have is to call attention to these pairs in the
hope that they will be measured, and whatever relative motion
may exist be thus brought to light. But experience has
demonstrated that relative motion is very slow, even in the
moderately close pairs—those from 2”” to §5”. Would it not
be wiser to concentrate the energies of micrometer observers
upon these and closer pairs, leaving the motion in the wider
pairs to be discovered by photographic methods? !

The same number of Monthly Notices contains orbits of the
binaries 880, 8513, and 8552, by Dr. T. J. J. SEE. These
are all of interest, and will serve to call new attention to
systems that ought to be measured every year or two. The
observations of the next ten or fifteen years should furnish
data to improve these first approximations to the elements.

Double-star observations occasionally appear in unexpected
places. Thus the “Katalog von 10663 Sternen,” just published
as No. 10 of the New Bonn Observatory Publications, by
Professor I*. KUsSTNER, gives, on pp. 79-04, a list of micro-
metric measures of double stars and companion stars within 17
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detected during the course of the meridian-circle observations.
Only such pairs have been measured as had not been adequately
measured elsewhere. R. G. AITKEN.

May 22, 1908.

ProGress ON THE CRoSSLEY Eros SoLAR PARALLAX WORK.

The work of determining the solar parallax from the photo-
graphs of Eros, taken with the Crossley reflector in 1900, is
almost completed. The plates which were selected for use
have all been measured and reduced by Mrs. MOORE (née
Cuase) and Miss HoBe. For some months now a discussion
and comparison of the results has been in progress. This
discussion is nearly completed, and it is hoped soon to send
the manuscript to the printer.

While the final parallax has not yet been derived, it can be
said that it will hardly differ 0”.010 from 8”.800.

Mr. HaMmiLTON, May 21, 1908, C. D. PerRINE.

RECENT OBSERVATIONS OF THE MoVING OBJECT NEAR JUPITER,
Discoverep AT GREENWICH BY MR. J. MELOTTE.

After the receipt of the telegraphic announcement of the
discovery of this object, early in March, Dr. ALBRECHT ob-
tained some photographs of the region with the Crossley
reflector, on the nights of March 7th, 8th, and gth. The new
object (as well as the sixth and seventh satellites) is shown on
the plates of March 8th and gth. A position obtained on
March 8th has been published.

Photographs have been obtained by the writer on March
24th, 27th, 31st, April 1st, 28th, and 29th, on which the Green-
wich object, the sixth and seventh satellites are shown.
The following positions have been derived from the photo-
graphs of April 1st and 29th:—

April, 1908.
11 8 gim os P.S.T. a1908.0 8" 26m 458.58 31908.0 +19° 49" 2774
29 8 5115 8 33 44.22 +19 35 49 0

In brightness, the new object differs but little from the
seventh satellite.

From a preliminary discussion of the observations from
January 27th to April 3d, the Greenwich astronomers conclude
that it belongs to Jupiter.!

' The Observatory for May, 1908, and 4. N., No. 4246.
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Mr. MELOTTE is to be congratulated upon so important a
discovery. It is all the more creditable because it comes in
the line of regular, routine work in observing satellites photo-
graphically, of which a number of valuable contributions have
been published from Greenwich. It is also a credit to a
climate which has the reputation of being unsuited to the
exactions of large telescopes. C. D. PERRINE.

M. HamiLTON, May 21, 1908.

MEASURES OF £ 208.

Dr. SEE has recently called attention to this binary star,
stating that it is now passing periastron, and that the relative
motion is therefore very rapid and the companion perhaps
invisible. The following measures, made with the 36-inch
refractor, may therefore be of interest:—

1907.21 181°4 0”.35 2"
1908.28 190 .0 0 .39 °

Comparing these positions with my measures in the two
preceding years, viz:—
1905.18 167°.5 0”.30 2"
1006.10 177 .3 0 .30 5°
it does not appear that the apparent motion is increasing in

rapidity at the present time. It would seem that any estimate
of the form of the orbit is premature. R. G. AITKEN.

May 22, 1908.

EXPLANATION AND CORRECTION.

The two half-tone illustrations of the solar corona accom-
‘panying my article, “The Crocker Eclipse Expedition of 1908,”
in the last number of these Publications, made and printed by
an Eastern firm, were excellent in the proof-sheets supplied
us, but so poor in the printed product that we regret having
made another attempt to publish a corona in this manner. The
engraver's printer has been the means of sadly misrepresenting
this section of the expedition’s work. An error was made, also,
in orienting the half-tone block of the smaller corona
(Frontispiece) : the side marked /¥ should have been marked

N, etc. W. W. CAMPBELL.
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the year. The causes of the curious bright knots, or con-
densations, observed in the rings, here and elsewhere, are
undergoing discussion in several journals, and our knowledge
of the structure of the rings promises to be increased.

Micrometer observations of comet positions have been
obtained as follows:—

Comet a 1907, 2 nights, AITKEN
Comet a1907, 4 “  FarH

Comet b1goy, 6 AITKEN
Comet c1907, 1 “ AITKEN
Comet d1g9o7, 4 “ AITKEN
Comet d 1907, 12 Duncan
Comet IV 1905, 5 AITKEN
Comet ¢ 1907, 7 Duncan

[{3

«

Comet 1905 IV, discovered by Koprr in March, 1906, and
later found on photographic plates taken at Heidelberg in
January, 1905, was under observation for a longer consecutive
time than any previous comet.

Micrometer positions of asteroids have been obtained as
below :—

Nemests (128), 2 nights, AITKEN.

Mr. Fatn, Fellow, began an extensive study of the zodiacal
light, with special reference to polarization effects and the
character of its spectrum. One spectrogram exposed by Mr.
FaTti on several successive nights, and another exposed for
Mr. TFarnt's use by Mr. Duxcaw, recorded the spectrum in
good strength. The study will be renewed on Mr. FATH's
return in the summer of 1908.  Interpretation of the
observations will be deferred until more data are available.

Observations of Jupiter's satellites VI and VII, with the
Crossley reflector, were secured by Messrs. PERRINE and
ALBRECHT.

The application of clectric power to moving the Crossley
dome and to winding the clock, in combination with the splendid
clock-driving, has rendered unnecessary the services of an
assistant to the Crossley observer.

Good progress was made in the preparation of heliogravure
plates of Professor KeELER'S nebular photographs, with refer-
ence to their publication in volume form. To secure satisfac-












GENERAL NOTES.

Planetary Nebula with Variable Nucleus.— Professor
BARNARD some years ago suspected a variation of the bright-
ness of the nucleus of the planetary nebula N. G. C. 7662. In
Monthly Notices R. A. S., April, 1908, he gives the observa-
tional evidence, mostly secured by himself in the last ten years
with the 40-inch telescope, from which he finds a variation of
three or four magnitudes and a period of about twenty-eight
days. The nucleus is faint—near the limit of the great re-
fractor—except for a few days of the four weeks, when it
appears like a bright yellowish star of about the twelfth mag-
nitude. Professor BARNARD finds confirmation of the vari-
ability from his own photographs in 1899 and 1900, and from
early observations with the Rosse telescope and LAsseLL’s
four-foot reflector.

Professor TURNER (loc. cit.) finds that the data are fairly
well satisfied by the period 2714 days.

Professor KAPTEYN has been elected an honorary member
of the Royal Irish Academy.

The 7-inch Reinfelder-and-Hertel refractor of the Manora
Observatory, Istria, Austria, is being offered for sale.
Unusually good performance is reported for this instrument.

There seems little doubt that the faint object discovered by
Mr. P. MELoTTE on Greenwich Observatory photographs in
the region of Jupiter is a new satellite (VIII), with retrograde
motion, and distance from Jupiter of about 20,000,000 miles.—
The Observatory, May, 1008.

Mr. J. EwEN, of Edinburgh, has constructed a highly reflect-
ing model of Saturn and his rings, which, when illuminated by
a strong light in the plane of the rings, shows two tiny luminous
knots on either side of the ball. Spinning the model causes the
knots to shift inward, the shift increasing with the speed of
rotation.—The Observatory, April, 1908.
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tions of the Allegheny Observatory, have recently been issued
under the following titles :—

No. 1. “On the Distortion of Photographic Films.”

No.2. “A Simple Method for Reducing Spectrograms.”

No. 3. “The Orbit of a Andromede.”

No. 4. “The Radial Velocity of ¢ Urse Majoris.”

No. 5. “The Orbit of Algol from Observations made in 1906
and 1907.”

The authors of these investigations are Dr. FRANK
ScHLESINGER (Director), Dr. R. H. Curtiss, and Mr. R. H.
BAKER.

Volume I, No. 1 (April, 1908), of the Astronomsical Herald,
published by the Astronomical Society of Japan, was received
recently. The title and table of contents are printed in
English, but all of the text is in Oriental characters.




NEW PUBLICATIONS.

ABBot, C. G, and F. E. FowLE. Annals of the Astrophysical
Observatory of the Smithsonian Institution. Vol. II
Washington. 1908. Folio. 245 pp. Paper.

ABerTI, GIorRGIOo. Ein neuer Hippscher Chronograph mit
festen Spitzen. Mitteilungen der Grossh. Sternwarte zu
Heidelberg, XII. Karlsruhe. 1908. 8vo. 15 pp. Paper.

American Ephemeris and Nautical Almanac for the year 1911.
Washington. 1907. 4to. 595 pp. Cloth.

Annales de I’Observatoire d’Astronomie Physique de Paris.
Tome Troisiéme. Second fascicule. Paris. 1907. 4to.
111 pp. Paper.

Annuaire pour I'an 1908, publié par le Bureau des Longitudes.
Paris. 16mo. vi+4760 +A72 +B48 +C12 4+ D18
+ E7 + F 41 pp. Paper. Gauthier-Villars. Price, 1 fr.
50 C.

ARRHENIUS, SvANTE. Worlds in the making. Harper.and
Brothers, New York. 19o8. 8vo. Cloth. $1.60 net.
BeLoroLsky, A. Untersuchung der Radialgeschwindigkeit des
verinderlichen Sterns Aigol (B Persei) in den Jahren
1905-1907. Mitteilungen der Nikolai-Hauptsternwarte zu

Pulkowo. Band II, No. 22. TFolio. 34 pp. Paper.

Berichtigungen zum Catalog der Astronomischen Gesellschaft.
Erste Abtheilung. Cataloge fiirr 1875. Leipzig. 4to. 33
pp. Paper.

Bouwm, JoseF Georc. Die Kunst-Uhren auf der k. k. Stern-
warte zu Prag. Auf offentliche Kosten herausgegeben
von Dr. LapisLaus WEINEK. Prag. 1908. 4to. xi+ 48
p. Mit 21 Tafeln in Lichtdruck. Boards.

Catalogo Astrofotografico 1900.0 Zona di Catania fra le De-
clinazioni + 46° e 4 55°. Vol. V, Parte I*. Declinazione
+ 50° a -+ 52°. Ascensione Retta o® a 3. Catania. 190}.
4to. xxxvi+ 143 pp. Paper. .

DooLirTLE, Eric. Catalogue and re-measurement of the 648
double stars discovered by Professor G. W. HougH. Pub-
lications of the University of Pennsylvania. Astronomical
series. Vol. III, Part III. Philadelphia. 1907. Folio.
176 pp. Paper.



200 Publications of the

HALE, GeorGe E. The study of stellar evolution: A popular
account of some modern methods of astrophysical re-
search. Chicago. 1908. 8vo. 250 pp. 104 plates. Cloth.
$4.00 net.

Hartwic, ErRnsT. Ueber den Antalgolstern RW Draconis.
Sonderabdruck aus dem XIX und XX Bericht der
Naturforschenden Gesellschaft. Bamberg. 8vo. 32 pp.
Paper.

Hartwic, Ernst. Ephemeriden varinderlicher Sterne fir
19o8. Leipzig. 1908. 8vo. 78 pp. Paper.

Kayser, H. Handbuch der Spectroscopie. Vierter Band.
Leipzig. 1908. 8vo. xix 4 1248 pp. Mit 1 Tafel und
137 Figuren. Paper.

KaPTEYN, J. C. On the number of stars of determined magni-
tude and determined galactic latitude. Publications of the
Astronomical Laboratory at Groningen, No. 18. Gronin-
gen. 1908. 8vo. 54 pp. Paper.

Ktstner, F.  Katalog von 10663 Sternen. Veréffentlich-
ungen der Koniglichen Sternwarte zu Bonn, No. 10.

Bonn. 1908. Folio. 333 pp. Paper.

Nautical Almanac for 1911, The. Edinburgh. 1907. 8vo.
xiii + 614 + 44 pp. Paper. Price, 2s. 6d.

Observations faites au cercle méridien en 1906, par M. M.
VERSCHAFFEL, LAHOURCADE, L. SOUGARRET, SONEGUIETA,
GouLART, BEIGREDER, Durouy, et Mlles. D. SOUGARRET et
Lie SouGARRET. Observatoire d'Abbadia. Tome VI
Hendaye (B. P.). 1907. Folio. vi- 426 pp. Paper.

Pickering, Epwarp C. Sixty-second annual report of the
director of the Astronomical Observatory of Harvard
College for the year ending September 30, 1907. Cam-
bridge, Mass. 1908. 8vo. 11 pp. Paper.

PrzvsyrLLok, E. Das Profil der Raudpartien des Mondes.
Mitteilungen der Grossh. Sternwarte zu Heidelberg, XI.
Karlsruhe. 1908. 8vo. 31 pp. Paper.

ReEs, Jou~x K., Harorp JacoBy, and HErMaN S. Davis. The
variation of latitude and constant of aberration. Part II.
Contributions from the Observatory of Columbia Univer-
sity, New York, No. 0. New York. 1906. Folio. 231 pp.
Paper.
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RepsoLp, JoH. A. Zur Geschichte der Astronomischen Mes-
swerkzeuge von Purbach bis Reichenbach, 1450 bis 1830.
Leipzig. 1908. Folio. viii + 132 pp. Mit 171 Abbil-
dungen. Cloth.

SCHEINER, JuLius. Populire Astrophysik. Leipzig und Ber-
lin. 1908. 8vo. iv+ 718 pp. Mit 30 Tafeln und 210
Figuren in Text. Cloth. '

TurNER, HERBERT HALL. Astrographic catalogue 1900.0. Ox-
ford section, declination -} 24° to + 32°. Vol. III, Meas-
ures of rectangular co-ordinates and diameters of 62713
star images on plates with centres in dec. 4 29°. Edin-
burgh. 1907. Folio. xxv 4 224 pp. Paper. Price, 15s.
Vol. IV, Measures of rectangular co-ordinates and diam-
eters of 65808 star images on plates with centres in dec.
-+ 28°. Edinburgh. 1908. Folio. xxvi 4 233 pp. Paper.
Price, 15s.
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TABLE I—=Continued.

Negative No. Date. Point. Longitude. Latitude. ‘Remarlu.
4193  June 1, 1908 A 9°7 W 4°0S
5b o8m p.M B 6 4E 129
Spot 3.5 3.0

Spot not measurable.

4196  June2,1908. A 16 oW 5.5S A and A’ are the
6h 10m AM. A’ 16 .2 4.5 two extremities of
B 2.9 12 .4 western end of floc-
Spot 2.8 2.8 culus.
Spot 4.1 3.1
4201, June3, 1908 A 8 .3W 58S
Exp.5. stoimzispM. B 23 9 11 .1
Spot 22 .5 2.6
Spot 24 .2 2.7
4201,  June 3, 1908 A 35 8W 8.2S
Exp.6. shogm2repM. B 23 .6 11 .2
C 25 .5 11 .1
Spot 22 .5 2.6
Spot 24 4 2.8
4201, June 3, 1908 A 35 9W 8.1S
Exp.7. shoymot*r.M. B 23 .5 11 .0
C 24 .0 9.2
Spot 22 .5 2.5
Spot 24 .4 2.7
4201, June 3, 1908 A 35 .5W 8.0S
Exp.9. shi3mssspmM. B 23 .6 1 .0
C 23 .6 6.2
Spot 22 .6 2.6
Spot 24 .4 2.7
4202  June 3, 1908 C 23 oW 3.5S  C approaches east-
ern spot.
gh 22m pM. (o4 23 .8 3.4 C’ approaches west-
ern spot.
Spot 24 .5 2.6
Spot 22 .7 2.5

If we now take the measured differences in longitude and
latitude of the large spot and the points 4, B, and C respect-
ively, and compute the corresponding distances, we have the
results given in Table IT:—
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(3) Negative No. 4190, taken on June 2d, shows a dark
comet-like object (apparently defining. a line of flow) inter-
secting a bright eruptive flocculus. The appearance suggests
that the eruption does not rise to the level of the vortex.

(4) Photographs of the Ha line across bright flocculi, made
in the second and third order spectra of the 3o-foot tower
spectrograph, indicate that.this line has a complex structure
which will require careful investigation.

(5) Since the velocity of the hydrogen drawn into the vor-
tex is of the same order as that of eruptive prominences,
distortions of the hydrogen lines at the limb may be due to
the motion of this gas in vortices. If the line of sight were
to pass through a vortex, distortions toward violet and red
observed at the same point might result from motions of
approach and recession on opposite sides of the vortex.

(6) The appearance of numerous hydrogen eruptions after
the event of June 3d suggests that the hydrogen drawn down
by the vortex subsequently rose to the surface in the
neighborhood of the spots.

(7) In view of the fact that the distribution of the hydrogen
flocculi frequently resembles that of iron filings in a magnetic
ficld, it is interesting to recall the exact correspondence be-
tween the analytical relations developed in the theory of
vortices and in the theory of electro-magnetism.!

(&) The gradual separation of the spots should not be
overlooked.

Without entering at present into further details, a single
suggestion relating to the possible existence of magnetic fields
on the Sun may perhaps be offered.  We know from the inves-
tigations of Rowraxp that the rapid revolution of electrically
charged bodies will produce a magnetic field, in which the
lines of force are at right angles to the plane of revolution.
Corpuscles emitted by the photosphere may perhaps be drawn
into vortices,” or a preponderance of positive or negative ions
may result from some other cause. When observed along the
lines of force, many of the lines in the spot spectrum should
be double, if they are produced in a strong magnetic field.
Double lines, which look like reversals, have recently been

1 See Lams, ** Hydrodynamics,” third edition, p. 2o1.
2J. J. Tuowmson, * Conduction of Electricity through Gases.” p. 164.
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photographed in spot spectra with the 30-foot spectrograph of
the tower telescope,’ confirming the visual observations of
Youxs and MritcHeELL, It must be determined whether the
components of these double lines are circularly polarized in
opposite directions, or, if not, whether other less obvious indi-
cations of a magnetic field are present. I shall attempt the
necessary observations as soon as a suitable spot appears on
the Sun.
Mrt. WiLsoN SoLar OBSERVATORY, June 20, 1908.

REMARKS ON THE PLATES.

As it seems to be impossible to obtain illustrations which accurately
represent the original negatives, certain remarks regarding the plates
are required.

Plate I. Both figures are fairly satisfactory, except that the limb of
the Sun, in the lower right-hand corner, is not properly shown.

Plate 11, Fig. 1. The position-angles of various points in the promi-
nences are given in the text of the article. The faint parallel lines,
which make an acute angle with the Sun’s limb, are due to a slight
irregularity in the motion of the spectroheliograph.

Plate II, Fig. 2. The black dots are defects produced in the sensi-
tizing process.

Plate II, Fig. 3. The parallel lines are due to the cause mentioned
above.

Plate ITI. This plate will serve to give a general idea of the appear-
ance of the Ha photograph of April 3oth, but fails to show the flocculi
in their proper intensity. Although many bright flocculi appear to be
present, especially in the upper part of the image, the original negative
actually shows very few of these objects, the most conspicuous ones
being in the midst of the great storm area in the southern hemisphere.
For details, sec Plate 1V. The parallel vertical bands are due to a
periodic motion of the spectroheliograph.

Plate IV. As it was found by experiment that the flocculi on the
photograph of April 3oth are most accurately represented on a negative
print, Plate IV is reproduced in this way. Thus the light objccts on
this plate represent the dark Ha flocculi. The limb is not well repro-
duced and certain regions near the spots and in the lower part of the
plate are too black.

Plate V. The scale is so small that this illustration serves merely
to indicate the distribution of the sun-spots on April 3oth, and the
apparently insignificant nature of the group lying within the great storm
area (near the centery. The orientation is the same as for Plate III.

1 HaLe, Contributions from the Mount Wilson Solar Obscrratory, No. 23;
Astrophysical Journal, Vol. XXVII, p. 204, 1908.
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Plate VI. This gives a fair idea of the appearance of the calcium
(H2) flocculi, though the limb is not well reproduced. The orientation
is the same as for Plate III.

Plate VII, Fig. 1. The only bright flocculi that should appear in
this figure are those in the neighborhood of the spot.

Plate VII. Fig. 2. The background comes out too bright, giving
the appearance of bright flocculi in regions where they are not present.
The only objects of this class shown by the original negatlve are very
conspicuous in the figure.

Plate VIII, Fig. 1. This gives a fair idea of the original negative, the
contrast of which is not very strong.

Plate VIII, Fig. 2z The contrast of the original is much stronger
than in the case of Fig. 1, hence the bright flocculi near the spot are
relatively too conspicuous. The background in the upper part of the
figure is also too bright.

Plate IX, Fig. 1. The original is lacking in contrast. The region to
the left of the spot should be much darker than it appears in the cut.

Plate IX, Fig. 2. This is a fairly satisfactory reproduction, though
the bright flocculi should be somewhat stronger.

Plate X, Fig. 1. Except for a defect in the photograph, the bright
flocculi surrounding the spot are fairly well shown. In other parts of
the figure, however, the background comes out too bright.

Plate X, Fig. 2. This is a fairly satisfactory reproduction. though
the background is too bright in various places.

SOLAR VORTICES AND THE ZEEMAN EFFECT.
By Grorce . HALE.

In a previous paper I have described and illustrated the
vortices surrounding sun-spots recently photographed on Mt.
Wilson with the Snow telescope and five-foot spectrohelio-
graph.! While studying the vortices, it occurred to me that
the rapid revolution of clectrically charged particles in the
solar atmosphere should produce a magnetic field within a
sun-spot (Rowland effect), if a preponderance of negative
or positive ions be assumed. Such a condition might result
from the emission of corpuscles by the photosphere? or, as
Professor E. IF. N1cnors has suggested to me, from centrifu-

1 “Solar Vortices," Contributions from the Mount Wilson Selar Obseri-atery,
No. 26, Publications A. S. P., No. 121.

21, J. Tuowmson, “Conduction of FElectricity through Gases,” p. 164.
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the edges of these spot lines is circularly polarized in opposite
directions. If so, the displacements are similar in character
to those detected by ZEEMAN in his first observations of
radiation in a magnetic field.

In order to determine whether the observed phenomena are
to be regarded as true Zeeman effects, I have made a large
number of photographs with the above-described apparatus,
showing various regions of the spot spectrum from red to
ultra-violet. These prove conclusively that the changes in
relative intensity and position of the lines are due to the
rotation of the Nicol. The results are consistent among
themselves,—the Nicol in one position reducing the intensity
of all the red components of doublets, while in the other
position it reduces all the violet components.! Moreover, if the
stronger component of a doublet appears, for example, on the
red side, the single lines in the same spot spectrum are
displaced toward the red, and vice versa.

As a great number of spot lines show these displacements,
it is necessary to inquire whether they may result from un-
symmetrical illumination of the grating, caused by rotation
of the Nicol. This appeared improbable from the first, since
the displacements were determined with respect to comparison
spectra formed by solar light which passed through the rhomb
and Nicol under precisely the same conditions as obtained in
the case of the spot.  An excellent test is afforded by many
telluric lines in the red, which are not shifted by rotating the
Nicol. The lines of the cyanogen fluting at A 3883, photo-
graphed in the fourth order, also show no displacement.? It
is well known that the lines of flutings are not affected in a
magnetic field.

So far as 1 am aware, the only means of transforming a
single line into a doublet, having components circularly polar-
ized in opposite directions, is a strong magnetic field. It thus
appears probable that a sun-spot contains such a field. which
gives rise to doublets and to widened lines in the spot spectrum.

' There may bhe a few exceptions to this rule, such as labhoratory experience
would lead us to expect.

“Three lines in this fhating, which T have measured on negative T 132, show
a mean relative displacement of o.oong Angstroms, corresponding to a rotation of
the Nicol through oo . This is much less than the displacement of the spot lines,
and within the error of measurement.
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It should be mentioned that few doublets appear on the
plate in the blue and violet, while many conspicuous ones are
found in the red. PRrestoN and RUNGE have shown that for

. . . Loda .
lines of a given spectral series the ratio yeisa constant, but

it is also true that wide doublets have been observed in the
more refrangible region of metallic spectra. Why these do
not appear in spots, if a magnetic field sufficiently powerful
to produce red doublets is present, cannot now be answered.

The separation of the components of many doublets, as
measured on the photographs, ranges from 0.018 to 0.216
Angstroms. All of these lines, and many of those which are
merely shifted by rotation of the Nicol, will be studied in our
laboratory with the aid of a large Du Bois magnet, which is
fortunately available. In this work the Zeeman effect will
be observed parallel and normal to the lines of force, and at
certain intermediate angles, corresponding to various positions
of spots on the Sun. It is interesting to note in this connection
that lines which appear to be double in some of our spot photo-
graphs are triple in others. MiTcHELL illustrates an excellent
case of this sort (observed visually) in the "Astrophysical
Journal, Vol. XXIV, p. 79,! where a line which is double
across the umbra and one side of the penumbra of a spot is
triple across the opposite side of the penumbra. This may
perhaps be due to the fact that the line of sight passed through
an inclined vortex, parallel to the lines of force in one case
and normal to them in the other.

These results suggest many possible subjects of investiga-
tion, some of which I am preparing to attack, in conjunction
with our daily photographic observations of the solar vortices.
The direction of the whirls, whether right-handed or left-
handed, is a matter of prime interest now under examination.

The question naturally arises whether terrestrial magnetic
storms, which are known to be closely related to sun-spots,
can be caused, directly or indirectly, by solar magnetic fields.
1f the work now in progress should establish the existence of
such fields, it would become necessary to make systematic rec-
ords of their areas, intensities, and polarities, in all parts of the

' This paper contains many visual observations of the double lines in spot spectra.



224 Publications of the

Sun, for comparison with simultaneous records of terrestrial
magnetism, before definite conclusions could be drawn.

If spots like those on the Sun are most numerous in the
later stages of a star's development, it is conceivable that they
may cover a large part of the disk of certain red stars. With
sufficient dispersion it might therefore become possible to
detect Zeeman doublets in the spectra of these objects. As a
fixed spectrograph of great power is being provided for use
with our Go-inch reflector, now nearing completion. I hope
to make the necessary tests this autumn.

A more complete account of the sun-spot work, giving meas-
ures of the doublets and various other data, will soon be pub-
lished in the .Istrophysical Journal.

M1, WiLsoN SoLar OBSERVATORY, July 3, 1908.

PLANETARY PHENOMENA FOR SEPTEMBER AXND
OCTOBER, 1908.

By MarcoLM McNEILL.

PHASFS OF THE MOON, PACIFIC TIME.
First Quarter. . Sept. 3. 12v simpom, First Quarter..Oct. 2, 100 14m P\,

IFull Moon. . ... *o10. 4 23 A FFull Moon.. . ... Q.1 3 PM
Last Quarter.. . 17, 2 33 a.M. ' Last Quarter... ™ 10, 7 33 pM.
New Moon. ... 23,

6 59 aM. New Moon.. ... Y2410 47 BM.

The autumnal equinox, the time when the Sun crosses the
equator from north to south, and autumn begins, comes on
September 23d, at 3" aoa., Pacific time,

Mercury will not be in good position for observation during
September and October. It passed superior conjunction on
August 20th and became an evening star, but as its distance
from the Sun increases its motion also carries it far to the
south of the Sun, even more than is normal for eastern elon-
gations in the autumn. It reaches greatest east elongation
on Octoher g4th. This distance, 25° 34°, is considerably greater
than the average greatest elongation, but the planet is at this
time more than 117 south of the Sun.  So the planet does not
remain above the horizon as much as an hour after sunset,
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and there is little chance for naked-eye visibility. Within a
week after the time of greatest east elongation Mercury, as
seen from the Sun, reaches its most southern point, and this
fact, as stated before, has a considerable effect in shortening
the interval between the setting of the Sun and of the planet.
At the time of greatest elongation the interval is almost
always more than an hour, but at this time it is only about
fifty minutes. After the time of greatest elongation the planet
moves toward inferior conjunction, reaching it and becoming
a morning star on October 28th.

" Venus is a morning star, reaching greatest west elongation
on September 14th. On September 1st it rises a little more
than three and a half hours before sunrise, or a little before
2" a.M. This interval increases about a quarter of an hour
by the time of greatest elongation, and after that time it
diminishes slowly, but up to October 3ist is not less than
three hours and one half. When Venus and Mercuryv reach
their greatest west elongations in the autumn tkey are in
favorable position for observation as morning stars, since they
are then far to the north of the Sun and the interval between
the rising of the Sun and of the planet is large. In like
manner east elongations of these planets in the spring months
give a good chance for observation as evening stars. [“enus
and Jupiter are in rather close conjunction on October 13th.
The least distance between them is 36/, and Venus is south
of Jupiter. Both planets are below our horizon at the time
of closest approach, but the distance will not be greatly in-
creased by the time they come into view on the morning of
October 14th.

Mars passed conjunction with the Sun on August 21st and
became a morning star, but does not move far enough away
from the Sun to become visible in the morning twilight until
October. At the end of October it rises about two hours before
sunrise, and it may be seen without much difficulty in the
morning twilight. As it is now only about as bright as the
pole star, it can not be seen as near the Sun as Mercury can.
Mars reaches its aphelion on September 3d, a few days after
the time of greatest distance from the earth, but the distance
from us does not vary much until after October 1st. Until
then it remains about 248,000,000 miles. During October it
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lessens by about 6,000,000 miles,—not enough to cause much
increase in the brightness. AMars excites general attention
only when near opposition. These oppositions occur about
once in a little more than two years. But during all times,
except for a month or so near the time of conjunction, the
planet is in plain view and can be easily seen by any one who
looks for it in the right place.

Jupiter passed conjunction with the Sun on August 17th
and became a morning star. By September 1st it rises about
half an hour before sunrise,—too short an interval for easy
visibility, even though it is one of the brightest planets. It
soon, however, draws away from the Sun far enough to be
readily seen, and by October 1st it rises about 3 A.M., and
shortly after 1 30™ on October 3ist. During the early days
in September it is very close to the first-magnitude star
Regulus, the brightest star in the constellation Leo. Tt is mov-
ing eastward and southward, covering about 12° during the
two monthg' period.

Saturn comes to opposition with the Sun on September 29th,
and is therefore above the horizon nearly the entire night
throughout September and October, passing the meridian at
about 2" At on September 1st, at about midnight on October
1st, and before 10" r.a. on October 31st. It is moving west-
ward in the constellation Pisces, about 4°. up to the end of
October. The apparent breadth of the rings diminishes per-
ceptibly the ratio of minor to major axis, changing from one
cighth at the beginning of September to about one eleventh at
the end of October. This diminution will soon cease. and the
rings will broaden out again before the end of the vear.

Uranus is in fair position for observation, passing the merid-
ian at 8 15™ p.M. on September 1st, and at about 4" 13™ p.M.
on October 31st. It is nearly stationary in the constellation
Sagittarius, a few degrees north of the easternmost star of the
“ milk-dipper” group. The nearest moderately bright star is
= Sagittarii (a small fourth-magnitude). and the planet is
about 17 west and 2° south of this star, in the direction of
the bowl of the dipper.

Neptune rises shortly after 1 A, on September 1st, and
at about 9" 15™ r.ar. on October 31st. It is in the constellation
Gemint,
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Hamilton results, and it seems likely from a superficial exam-
ination of the velocities of the few stars of this type contained
in Dr. KU'sT~NER's list that in fact the Bonn measures are about
2™ in excess of those secured on Mount Hamilton.

All the available results are collected in the table. an inspec-
tion of which can leave little doubt but that the radial velocity
of a Orionis is variable. Generally speaking, the velocity seems
to have tended towards a minimum about the year 1898 and
to have reached a maximum about 1905 or 1906. In spite
of the uncertainty as to any systematic correction which the
Bonn results may require to make them comparable, they at
least confirm the larger velocity derived from the only Mills
plate obtained in 1906. I‘rom that date the velocity seems to
have slowly decreased, without, however, falling to the level
of the values which prevailed in 1896-98.

If the fact of the variable velocity be admitted, it is difhcult
to draw from the present data any certain conclusion as to
" the period and nature of the motion. The general variation
indicated is one of long period, certainly of many years. But
there are indications of irregularities of shorter period about
which it is hard to decide whether they are real or spurious.
The results obtained in the last two months of 1007 suggest a
fairly continuous decrease of the velocity of about 2*™. On
the other hand, the fourteen plates obtained between 19o8
January 5 and April 19 all fall within a range of 1.2%™, which,
in view of the expeditious method of reduction adopted, must
be considered a very satisfactory representation of uniform
motion.  On the whole, the star seems to deserve continued
and careful attention,

Under the circumstances, o Orionis 1s not a suitable star
for use in a determination of the Solar Parallax. It 1s included
in the working list of the Cape Observatory (cdstrophysical
Journal. 27. 1051, H. C. PLUMNMER.

1908 July.
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A DistUrBep ReEGION IN THE COoRONA OF JANUARY 3. 1008.

In his study of the solar corona of April, 1893, as photo-
graphed by the PPhoebe A. Hearst Expedition from the Lick
Observatory to Chile, Professor SCHAEBERLE was led to the
conclusion that the inner ends of the coronal streamérs coincide
in position with disturbed areas in the photosphere of the
Sun. Tracing the streamers inward to the Sun’s surface he
located six chief centers of origin. On comparing these results,
obtained from the coronal image alone, with the photographic
record of the uneclipsed Sun made by Professor HALE in
Chicago on the day of the eclipse, Professor SCHAEBERLE
noted an agreement between the points determined by him
and the disturbed areas shown on the photograph of the
uneclipsed Sun. [From a study of his and previous coronal
photographs he concluded that the origins of the coronal
streamers are, in the main, confined to the spot-zone regions.
[See Contributions from the Lick Obscrvatory, No. 4, pp. 108-
113.]

In Lick Observatory Bulletin, Nos. 9 and 18, Dr. PERRINE,
in charge of the Crocker Eclipse Expedition to Sumatra in
1901, described an arca [in space a volume] of unusual dis-
turbance recorded on his photographs of the corona. A num-
ber of streamers appeared to radiate from a common point,
situated behind the Moon, as if thrown out by an explosion
at the point, though it was not contended or suggested that
an explosion had actually occurred. On comparing the esti-
mated position of the invisible vertex with photographs of the
uneclipsed Sun obtained at Dehra Dun, India, on the day
of the eclipse and on several days preceding and following
the eclipse. it was found that the apex of the disturbance was
apparently coincident with the large and only sun-spot shown
on the entire series of Sun photographs. It was impossible
to doubt that the coronal disturbance was intimately connected
with the sun-spot.

The large-scale photographs of the corona of August 30,
1905, sccured by the Crocker Expeditions to Spain and Egypt
likewise showed an extensive region in the southeast quadrant
composed of prominent streamers which appear to radiate
from a common point. The apex of the cone of disturbance
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projected upon the photographic plate is some distance within
the Sun's limb. The apex was, no doubt, near the photosphere.

The estimated position of the vertex on this occasion fell
fairly near, but not in coincidence with, a prominent sun-spot
shown on photographs taken at Mt. Hamilton on the day of
the eclipse. Tracing the position of the spot back through
one revolution of the Sun, it was found that the sun-spot was
on August 3d in the estimated position of the vertex. Just
what weight should be given to this observation, as related
to the question of a close connection between coronal structure
and sun-spots, is uncertain. The detailed measurements are
published in Lick Observatory Bulletin, No. 115.

Lick Observatory Bulletin, No. 131, which was sent to the
printer several months ago and is now ready for mailing,
describes briefly a similar cone of disturbance in the corona
observed by us on the Flint Island photographs of January
3. 1908. Recent careful measures of the position of the vertex
place it at

Position angle, 75°.0 E. of N. .
Distance from Sun's center, 13’.7

It should be said that the disturbance, while on a very large
scale, does not fix the position of the vertex so definitely as in
the case of the 1901 disturbance, as the streamers seem to
radiate from a small area or perhaps from several points
near each other.

The photoheliograph camera of the Lick Observatory was
dismounted in the fall of 1907 to make way for the new fire-
proof building, and photographs of the Sun at and near the
time of the eclipse could not be secured here. At our request,
Director HaLE of the Mt. Wilson Solar Observatory most
kindly supplied the deficiency by loaning photographs of the
uneclipsed Sun taken on January 3, 4, and 5, 1908. There
was a region of great apparent disturbance near the east
limb, in north latitude 10°=+, shown especially well on a
spectroheliograph I/, negative. This region contains five or
more sun-spots within a few degrees of each othér. From the
position of the Sun's equator marked on the back of the photo-
graph by Professor HALE, combined with the angle between
the equator and the east and west line, we have measured the



232 Publications of the

positions of the chief spots of the group for the time of total
eclipse, referred to the Sun’s center, as follows:—

Position Angles. Distance.
71°8 E. of N. 13°.4
77 9 13 .2
77 -5 14 .8
8o .5 14 .2
82 o 14 .8

The estimated position of the vertex falls within the spot
group; and it is scarcely possible to doubt that the disturbance
in or near the photosphere is intimately related to the disturbed
conical volume of the corona. Whether the coronal and photo-
spheric disturbances are related to each other as cause and
effect, or, more probably, as joint effects of a more general
cause, is not known.

The subject takes on renewed interest in view of Professor
HALE'’s recent discovery of cyclonic motion or vortices in sun-

spots and surrounding regions. W. W. CAMPBELL
. . W, L,

1908 July 31. S. ALBRECHT.

FrLixT IsLAND CORONA.

In No. 119 of these Publications appeared half-tone illustra-
tions of the solar corona from photographs made by the
Crocker Expedition to I'lint Island.

In No. 120 I called attention to the fact that the prints
supplied by an Iastern engraver and printer were inferior
to the proof-sheets of the illustrations, and that the printer
had made an error in orienting the smaller coronal subject.
In view of these facts, acknowledged by the engraver, new
prints of the two subjects have been supplied by him. They
are distributed with the present copy. No. 121. It is advised
that members insert them in No. 119 to replace the poorer
prints.

There is perhaps no astronomical subject more difficult to
reproduce by’ mechanical process than the solar corona, and
it is necessary to recognize that in the best half-tone repro-
ductions the delicate details of structure and the minute dif-
ferences of intensity are almost wholly lost. In view of the
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great injustice done to the merits of the original negatives and
the correspondingly erroneous impressions conveyed by the -
prints on paper, it is a question whether an attempt to publish
the coronal photographs by such methods is not a mistake.
Every one who proposes to make a careful study of coronal
subjects must depend upon the original negatives or copies on

glass made from them. W. W. CAMPBELL.

THE PartIAL SoLAr EcLiPsE oF JUNE 28, 1908.

The begin'ning and ending of the eclipse were observed
with the 36-inch refractor. The object-glass was capped
down to eight inches in diameter, and a neutral-tinted glass
covered the eye-piece. The times of apparent contact of Sun
and Moon were noted, as follows:—

Beginning.. 6"20™ 39" a.m., Pacific Standard Time.
Ending.. .o 8 6 ]3 A.M., L 113 I3

It is well known that the estimated time of beginning of
eclipse is especially subject to error, for the reason that the
observer does not see the Moon’s approach, but is suddenly
made aware that the Moon has entered upon the Sun's image.

Special but unsuccessful efforts were made to see the Moon’s
limb extending outside of the Sun’s image: only that part
of the Moon’s limb projected on the Sun was visible. Dr.
ALBRECHT also observed the Moon’s limb immediately follow-
ing the beginning of the eclipse, but could not trace it beyond
the Sun’s edge. He assisted in all the above observations.

The observations were all made through thin clouds. The
beginning occurred with the Sun low in the sky and the
seeing rated as I on a scale of V' (perfect). The end occurred

with seeing II. W. W. CaMPBELL.
June 29, 1908.

OBSERVATIONS OF THE PARTIAL EcLIPSE oF THE SUN JUNE
28, 1908.

The various phases of this eclipse were observed with the
object of seeing whether or not the dark body of the Moon
could be seen projected against the inner. and very bright,
parts of the corona.
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The observations were made with the 12-inch equatorial,
stopped down to three inches, using powers of about 125 and
175. A diagonal, plane-glass reflector was used in front of
the eye-piece, and as light a shade-glass as possible.

Thin clouds covered the sky during the observations, but
were not sufficiently dense to interfere with seeing the detail
of structure in spots.

No evidences, whatever, of the corona were seen.

The contacts were observed as follows:—

First Contact, 1908, June 28.. 2"20™ 39* G. M. T.
Last contact, 1908, June 28.. 4 6 16 -

It was estimated that geometrical first contact occurred two
seconds earlier than the above time, which is the time when
the contact was certain. The time of the last contact
observation is that of the disappearance of the lunar limb,
which is practically that of geometrical contact.

A high, gusty wind blew from the north during the observa-
tions, weakening somewhat toward the end. The seeing was
extremely bad during the early part of the observations, but
improved very much before last contact. _ ¢ D PggrrinE.

Mt HayiLton, CaL. June 29, 1908.

Tue Orpirs oF T11E SPECTROScorIC BiNaries 8 HercurLis
AND o LEovIs.

B Herculis.—This star was found to have a variable radial
velocity by Dr. CamrererL in 1899, By September, 1902, a
series of thirty-two spectrograms had been obtained at MMt.
Hamitton, and a determination of the orbit from this material
was undertaken by Dr. 1. M. Reese. Before his investiga-
tion was quite completed, however, he resigned his position
in the Lick Observatory, and left in June, 1903. without
preparing his results for publication.

A careful examination of the papers left by Dr. REeEse
shawed that his work had been carried to an advanced stage,
and that little was necessary to put it in a final form and to
verify that it represented the orbit with satisfactory accuracy
at the time when the observations were made. A set of pro-
visional clements had been adopted after some trials, and from
the equations of conditions based on these elements differen-
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tial corrections had been calculated in the usual manner by
the method of least-squares. The result of applying these is
to give the following final system:—

ELEMENTS OF B HERCULIS. -
Period, U = 410.575 days; p = 22U-! = 0.0153034
T = ]. D. 2415500.374 = 1901, April 25, g*, GM.T.
€=0.5498; ¢ = 33° 21’
o =24° 36’.3
Velocity of system, y = — 25.52%™
K =12.782"; V) = —19.13 + 12.782cos #
which represent the observations satisfactorily. From them
may be deduced
a sin { = 60,280,000
(m + m’) sin % = 0.0519 (1 + m/m’)?
where m is the mass-of the star whose spectrum has been
observed and m’ the mass of the other star, the Sun’s mass
being unity.

o Leonis.—The variability in the velocity of this star was
discovered by Dr. CaAMPBELL in 1898. Its spectrum had pre-
viously been described as of composite type by Miss MAURY.
It is interesting to notice that out of a list of eighteen stars so
described by her, eight have now been found to possess a
variable velocity in the line of sight. Lines of the second
spectrum can be recognized and measured separately on the
plates except when the radial velocities of the components are
in the neighborhood of the velocity of the system.

A series of thirty-eight plates had been secured in 1898-1900,
and three were taken in the present year with the object of
improving the period. The eccentricity of the orbit is certainly
very small, and a circular orbit has been adopted. The separa-
tion of the two spectra makes it possible to determine the
ratio of the masses. The results are as follows:— .

Period = 14.4980 days
Ratio of masses, m;:m, =7:6
Vi=+ 2707 + 54.05sinu (t —T)
V,= 4 27.07—63.06sinu (t—T)
T = 1899, Jan. 1.477; p = 24°.831
@, sin { = 10,775,000%™, 1, sin % = 1.302
a, sin { = 12,571,000, 1, sin % = 1.116



236 Publications of the

The comparison of the observations with the results of cal-
culation from these figures shows great irregularities in the
measures. The measures can be arranged in order of increas-
ing inaccuracy thus: (1) the measures of component I when
II is separately visible, (2) the corresponding measures of
component II, (3) the measures of I when II is not separated.
Of (1) it may be said that the results are distinctly poor and
fall below what is to be expected from a careful measurement
of a large number of lines in a single spectrum. The lines of
IT which can be clearly distinguished on any one plate are few
(sometimes no more than two), and comparisons in the second
group shows differences which, taken on the whole, must be
considered satisfactory under the circumstances. But in the
third group the interference between the two superposed spec-
tra has disastrous effects on the accuracy. In view of the fact
that spectrum II separately is quite inconspicuous in com-
parison with I, this is rather surprising, but that the interfer-
ence of the spectra is the effective cause is clear because the
large displacements are all in the direction of the mean velocity
of the system. Thus one plate which shows the largest
discrepancy gives a measure - 28*®, when it should give
+ 38m, for component I. In cases like the one alluded to,
the superposition of the two spectra does not affect the appear-
ance of the lines noticeably, although the inconsistency of the
individual lines becomes apparent in the measures. It has not
proved possible to isolate lines of the first spectrum which
are unaffected by the second.

A comparison of the above results has been made with a
series of twelve plates obtained in 1905-1906 with the Bonn
spectrograph, and discussed by Dr. ZURHELLEN (Astronom-
ische Nachrichten, No. 4151). The star is not a suitable one
for instituting a comparison, for reasons explained, but there
seems to be a satisfactory absence of systematic difference
between the Bonn and Mt. Hamilton observations.

May, 1908. . H. C. PLUMMER.
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Discovery oF MaNY SMALL NEBULZ NEAR SOME OF THE
GLOBULAR STAR CLUSTERS.

Heretofore but few nebule have been known to exist near
the globular clusters. It has been pointed out that nearly half
of the globular clusters lie in or very near the Milky Way, a
region almost devoid of the small, “unresolved” nebule which
have been found so plentifully in non-galactic regions of the
sky.

Association with KEeLER’S Crossley photographs led to a
suspicion that the regions about these clusters were, on the
whole, non-nebulous regions. Just recently, however, quite
contrary facts have developed.

Upon repeating observations of some of these clusters under
the greatly improved conditions now provided by the new
mounting for the Crossley mirror, I was struck with the large
number of small nebule on some of the plates. Thus far
three of these subjects have been repeated under the improved
conditions, viz:—

N.G. C. 7078 (M 15 Pegasi)...... 16 nebule recorded.
N.G.C.7089 (M 2 Aquaris)..... 30 “
N. G. C. 7099 (M 30 Capricorni)... 31 “ “

The star images on these plates are so sharply defined that
it is possible to distinguish the very minute nebulz with ease.
On the earlier plates but few of them can be distinguished
from the stars, owing to the fuzziness of all of the images.
The great majority of these nebula are little or no larger than
an out-of-focus distorted star image.

In the course of a study of the globular clusters I have
obtained photographs of the majority of these objects within
reach of the Crossley reflector. They were obtained with the
old mounting and in the experimental stages of the new one.
The images are generally poor, but I have examined them
for nebulz. On three negatives I have found eight, fifteen,
and thirty-two respectively. On several others I have found
from one to four.

Some nebule were suspected on nearly all of the remaining
negatives, but the images are too poor to decide. They appear
to be most numerous about clusters which are farthest from
the galaxy. In a few instances, nebule were found in the
edges of the clusters.
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Practically all of the small nebulz found about the globular
clusters are elliptical or circular. Those large enough to show
structure are spirals. Doubtless the majority of them are

spirals.
C. D. PEgrRINE.
Mr1. HaMiLTON, CAL, July 16, 1908.

Tue DiIFFERENCE OF LONGITUDE BETWEEN Lick OBSERVATORY
AND MARE ISLAND OBSERVATORY.

At the request of the Bureau of Equipment, Navy Depart-
ment, Washington, D. C., the Lick Observatory recently
determined the difference of longitude between it and the
U. S. Observatory at Mare Island. The results have been
forwarded to the above Bureau and also published in Lick
Observatory Bulletin, No. 130, vol. IV.

The observations for clock errors and rates at the two
stations were carried out by Professor R. H. Tucker and
Mr. R. F. Sanrorp. Each observed two nights at each station.

For time observations the Repsold Meridian Circle of the
Lick Observatory was used on Mount Hamilton, while the
Stackpole Broken Transit No. 1502 of 2.5 inches aperture was
used at Mare Island.

The mean of the observed differences of longitude between
the two stations when corrected for systematic errors is
2™ 30%.74, with a probable error of =+ o*.o1. The value of
the longitude of the Meridian Circle of the Lick Observatory
adopted is that determined by the U. S. Coast and Geodetic
Survey in 1888 and published in the report of 1889 as Appen-
dix No. 8 This value is 8" 6™ 34°.81* west of Greenwich.
The resulting longitude of Stackpole Transit No. 1502 at
Mare Island is therefore 8" g™ 5°.55 west of Greenwich.

Mrt. HaMiLTON, May 12, 1908. R. F. SANFORD.

* The Superintendent of the U. S. Coast and Geodetic Survey, Washington,
D. C., has recently called my attention to a later readjustment of longitude within
the United States, as a result of which the longitude of the Lick Observatory is
assigned the value of 8 6m 348.89. The corresponding longitude of the Mare
Island Observatory becomes 8h gm g8.63. W.W.C.
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A New PHoTOGRAPHIC PLATE.

Recently a series of tests has been made here to determine
the speed of the new “Sigma” plate made by the Lumiére
North American Company, Ltd., of Burlington, Vermont.
The comparison was made by exposure times between the
Lumiére plate and the fastest plates heretofore on the market.
A series of exposures on the sky was made with a one-prism
spectrograph attached to the 36-inch refractor. The plates
were then developed until chemical fog began to appear, with
the following developer* :—

A B
Water, gooce Water, gooce
Oxalic acid, 1 gram Lumiére’s formosulphite, 120 grams
Pyro, 30 grams

Using 1 part of A, 1 part of B, 2 parts of water.

Designating the Lumiére plates by L and the others by X,
we have the following list, arranged in order of density of
spectrum, braces connecting those nearly equivalent:—

{X 5 {de‘
L 2 L 10
{Xlo' {x30-
L s L 15
{XIS'
L 8

This test appears to confirm the makers’ claim that the new
plate is twice as fast as any other plates on the market.

The grain of the Lumiére plate is somewhat larger than that
of other fast plates, but this will be no material disadvantage
for purposes where speed is the first consideration.

The color curve is about the same as for other fast plates of
standard American makes.

E. A. Farn.

Lick OeservaTory, July 23, 1908.

® This developer gives better results than either hydrochinone or dianol.
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PERSONALS.

The superintendency of the observing station of the Carnegie
Institution Expedition to the Argentine Republic having been
offered to Astronomer TUCKER, the Regents of the University
of California were pleased to grant him a three years' leave
of absence in order that he might accept the appointment. It
is understood that Director Boss of the Dudley Observatory,
Albany, who is in charge of the Southern Hemisphere work
of the Carnegie Institution, accompanied by Professor TUCKER,
will sail from New York in August.

Mr. WiLLiaMm H. WRIGHT, Assistant Astronomer in the
Lick Observatory from 1897 to 1903 and from 1906 to 1908,
and Acting Astronomer in charge of the D. O. Mills Expedi-
tion to Chile from 1903 to 1906, has been promoted to the
position of Astronomer in the Lick Observatory.

Dr. SEBASTIAN ALBRECHT, a Fellow in the Lick Observatory
during the years 1903-1906, and Carnegie Assistant in the
years 1906-1908, has been promoted to the position of Assistant
Astronomer in the Lick Observatory.

Mr. R. F. SanForp, for two years past Carnegie Institution
assistant in the Lick Observatory, has been appointed by Pro-
fessor Boss to act as an assistant to Professor TUCKER in the
Argentine Republic.

Miss A. EsteLLeE Grawncy, of the Class 1905, Wellesley
College, and for the past two years an assistant in the Students’
Observatory at DBerkeley, has been appointed Fellow in the

Lick Observatory. W. W. CAMPBELL



GENERAL NOTES.

Vacation Pastimes—Authors do not always realize that a
great deal of time might be saved to those who use their
books if they would give accurate and exact information con-
cerning the works to which they make reference. I have
recently had occasion to use Professor NEwcoMB’s work on
the Precessional Constant.* In this memoir the author refers
a number of times to his own work, “Elements and Constants,”
but at no place in the memoir, so far as I am able to find,
does he give an exact reference which would enable one not
familiar with the work to readily obtain it. Now possibly
anyone who makes pretense to being an astronomer ought
to be ashamed to admit that he is not familiar with this
work, but I am obliged to make this ignoble confession.
_Having learned of its existence, however, I became pos-
sessed of a strong desire to see the book. The card index
of the University library threw no light upon the subject.
As many of Professor NEwcoMB’s most valuable contributions
to astronomical science have been published in the Astro-
nomical Papers of the American Ephemeris and Nautical
Almanac, the next thought was to look through them, but
the examination revealed nothing. (Some of the parts of
the later volumes are unfortunately missing.) The next
thought was to examine NEwcoMB’s “Compendium of Spher-
ical Astronomy,” recently published by The Macmillan Com-
pany. One of the special, and also one of the most valuable,
features of this book is the notes and references given at
the end of the various chapters. So far as I have examined
them these references seem to be correct and exact, except the
references to the author’s own “Elements and Constants.”
At no place apparently does he give an exact reference to
it. On page 231 of the “Compendium,” under the subject
of precession and nutation, we find a small table of numerical

* Astromomical Papers Prepared for the Use of the American Ephemeris an.d

Nautical Almanac, vol. \ 111, part 1. Washington, Bureau of Equipment, Navy
Department.
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quantities and a footnote, as follows: “Astromomical Papers
of the American Ephemerss, vol. IV ; ‘Elements and Constants,’
p. 186.” Now Astronomical Papers, vol. IV, contains HiLL’s
“Theory of Jupiter and Saturs,” and has nothing whatever
to do with precession and nutation. “‘Elements and Con-
stants,’ p. 186,” is very illuminating. On page 249 “Elements -
and Constants” is again referred to in this abbreviated way
in two footnotes, while OrrPoLzER’s classic work is referred
to in detail, even to the date of publication. On page 255 we
find a reference, “ ‘The Elements of the Four Inner Planets
and the Fundamental Constants of Astronomy,” published by
the American Nautical Almanac in 1895,” which is presumably
the full title of “Elements and Constants,” but still gives no
information as to whether it was published as one of the
Astronomical Papers or in the numbers of the American
Ephemeris and Nautical Almanac, or otherwise. Further
examination of the series of publications just mentioned re-
vealed nothing. Still further search, however, brought a
happy result. In Astronomical Papers Prepared for the Use
of the American Ephemeris and Nautical Almanac, vol. VI,
part II (Tables of Mercury), page 1, we find, “The elements
of Mercury on which these tables are based are found in the
author’s work entitled. ‘The Elements of the Four Inner
Planets, and the Fundamental Constants of Astronomy,’ form-
ing a supplement to the American Ephemeris and Nautical
Almanac for the year 1897, pp. 181-185,” which gives the
information which ought to have been given at a number of
places where it was not. It is indeed a delightful pastime to
spend one’s vacation in work of search and research(?) of
this kind. S.D.T.

Notes from “Science.” — Dr. JoHANN GOTTFRIED GALLE,
from 1851 to 1895, professor of astronomy and director of
the observatory at Breslau, has celebrated his ninety-sixth
birthday.

At the University of Indiana W. A. CocsHALL has been
promoted from assistant professor to associate professor of
astronomy.
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Professor H. H. TURNER, F.R.S., has been elected corre-
spondent of the Paris Academy of Sciences in the section of
astronomy.

At Princeton University HENRY NoRRIs RUSSELL and Ray-
MOND SMITH DucaN have been made assistant professors of
astronomy. 4

Sir GEORGE DARWIN, K.C.B., F.R.S., has been elected a foreign
member of the Amsterdam Academy of Sciences.

The astronomical observatory and library founded in honor
of Mar1a MiTcHELL, adjacent to her birthplace, on Nantucket,
were formally dedicated on July 1sth.

Professor A. O. LEuscuNER, Director of the Students’
Observatory of the University of California, who has been
granted a year’s leave of absence, left for the East in June.
Most of the year will be spent in Berlin and Paris. During
Dr. LEUSCHNER’S absence the Students’ Observatory will be
in charge of Assistant Professor R. T. CRAWFORD as acting
director.

Comet Encke was rediscovered May 27th, a month after
perihelion passage, by WoopGaTE at the Cape of Good Hope.
The cometary objects photographed last December and Jan-
uary at Heidelberg, and at first announced as ENCKE’s comet,
are now thought to be fragments of it—Journal B. A. A.

A fourth member of the TG or Achilles group of asteroids
was recently announced. It is CS, discovered March 25th
at Heidelberg, and will probably soon be known by a Homeric
name, along with Achilles, Patroclus, and Hector. Special
interest attaches to this group because of their approach to
the conditions of the equilateral triangle solution in a system
of three finite bodies. Each of them moves approximately in
a vertex of an equilateral triangle that it forms with Jupiter
and the Sun. J. D. M.
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In Astronomische Nachrichten, No. 4249, PAuL GUTHNICK
finds that the variation of brightness of Eros depends on the
phase-angle. Eros presents a greater range of phase than the
normal asteroid because of the nearer approach of its orbit
to the orbit of the Earth. It is also bright enough for meas-
urement with ordinarily powerful photometric apparatus. The
difficulty of connecting Eros’s variation with change of phase
augurs little success for similar research with the average
asteroid. Taking SVEDSTRUP’S mean distance of the “mean
asteroid” as 2.65 astronomical units, computation shows its
change of magnitude due to phase to be only about o™.04.
Even from Mars the change is only o™.10. J. D. M.

M. NorpMANN, of Paris, finds that violet light (wave-length
4300) arrives from Algol sixteen minutes later than red light
(6800). In the case of A Tauri the delay is three times as
great. M. T1kHOFF, of Pulkowa, finds that violet light (4300)
from RT Perses reaches us four minutes- later than yellow
light (5600); and that ultra-violet light (4000?) from
W Urse Majoris follows orange light (6100?) by ten minutes.
In 1903, M. BEropoLsky found that the orbit of B Aurige
derived spectroscopically from indigo light (45002) was in
advance of the orbit from violet light. In each case, the
retardation is greater for shorter waves. Its smallness leads
Mr. Gavin J. Burns, writing in Journal B. A. A., 18, 328,
1908, to attribute it to an extensive atmosphere surrounding the
star rather than to a resisting medium filling interstellar space.
If due to the latter, we shall probably be able to translate
retardation into distance in the case of stars of rapid light
change. At present, Algol scems to be the only variable star
whose parallax has been determined.

Meanwhile, Dr. ScuLesiNGER' finds that Algol's eclipse is
reported about two hours earlier by radial velocity determina-
tions in ultra-violet light of wave-length 4200, than by visual
observations (of average wave-length 5700 perhaps): and a
similar lag exists in DErLoPoLsky’s® elements of this star.
These results evidently demand a different explanation. None
has yet been offered. J. D. M.

Y Publications of the Alegheny Obserivatory, 1, 32, 1908,
2 Vitteilungen der Pulkowa Sterniwarte, 1, 103, 1906.
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The attention of members of the Society is called to the
fact that the notice printed on the last page of the Publications
has been revised.

Royal Observatory, Greenwich—The annual visitation of
the Royal Observatory took place June 4th, the Board of
visitors being constituted as follows: Lord RAvLEiGH, Mr.
H. F. NEwaLL, Professor W. G. Apawms, Professor J. LARMOR,
Professor Sir J. NorMAN LockYER, Lord Rossg, Principal
Sir A. W. RUCKER, Captain Sir W. b W. ABNEY, Professor
Sir R. S. BaLi, Professor R. B. Crirron, Dr. J. W. L.
GLAISHER, Sir W. Huccins, Mr. E. B. KNoBEL, Professor
H. H. TurNEr, Professor Sir G. H. DARWIN, Rear-Admiral
A. MostyN FieLp (Hydrographer of the Navy), and Mr.
W. D. BarBer (secretary). A large number of gentlemen
interested in astronomy were present by invitation of the
Astronomer Royal, and took part in the inspection of the
observatory and instruments.

The Astronomer Royal presented his report, which deals
with the work of the observatory during the past year. . . .
It was discovered last year that the method of illuminating
the field of the transit-circle by means of an elliptical annular
reflector, lit by an axis lamp, was open to objection, as the
tilting of the reflector to different points to produce various
degrees of illumination caused a shift in the center of light,
and an apparent shift in the wires; it is possible that part of
the “magnitude equation” of faint stars arises from this cause.
A uniform central illumination has now been substituted, a
small elliptical reflector with a matt white surface being
cemented to the center of the object-glass, reflecting the light
of a small electric lamp; change in the degree of light is pro-
duced by altering the current through the lamp by a rheostat.
This plan has been in use in the Altazimuth for a year with
very satisfactory results; arrangements have been made on
each instrument to take a few transits by the old method for
the purpose of comparison. A new arrangement of wires has
also been inserted in the collimators of the transit-circle, thin
parallel wires replacing the thick oblique wires in former
use. . . .
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The 28-inch refractor has been used for the observation of
double stars; 81 were observed with a distance of less than
14", 95 between 14” and 1”, 101 between 1”” and 2”, 211 over
2”. Among these x Pegasi was observed on fifteen nights,
8 Equules on thirteen, and 70 Ophiuchi on sixteen. Mr.
BowyER is taking a special course of observations of this last
star, with a view to settling the question of the inequalities in
its motion. Observations of the diameters of Jupiter and his
satellites have also been made with the 28-inch. With the
26-inch photographic refractor thirty-one photographs of Nep-
tune and his satellites have been obtained; while with the
30-inch reflector Pharbe (the ninth satellite of Saturn) has been
photographed on sixteen nights, Jupiter I on thirty nights,
Jupiter VII on twenty-one nights, Jupiter VIII on twelve
nights, also fifty-four minor planets on 140 nights, Comet
d 1907 (DANIEL) on thirteen nights, Comet e 1907 on eight
nights. Phabe is an excessively faint object of the 17th
magnitude, discovered by Professor W. H. PICKERING in 1898,
but it was not till last year that Saturn had come far enough
north to permit the satellite to be photographed at Greenwich.
These photographs will be of great use for giving an improved
value of the mass of Saturn, which is uncertain to a small
extent.

THE EIGHTH SATELLITE OF JUPITER.

The eighth satellite of Jupiter is a new discovery, made at
the Royal Observatory by Mr. MeLorTE. Examining a photo-
graph of the sixth and seventh satellites, taken at the end of
February, he found an unknown moving body on the plate;
looking back, he detected it on eight other plates taken during
the preceding month. Since then exposures have been made
on every fine night when the Moon was absent, but it has
only been possible to photograph the object on four more
nights, the last being on April 24th. In addition, it has been
observed by Dr. WoLr at Heidelberg, and at the Lick Observa-
tory. It appears to be a very distant satellite, at a distance
of some sixteen million miles from Jupiter, and with an orbit
inclined some 30° to his. Its period of revolution would thus
be two years, its distance from the planet being two and one-
half times that of the sixth and seventh satellites and 160
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times that of the fifth satellite, which is the nearest to Jupiter,
so that the range of distances in the Jovian family is much
greater than in the Sun’s family of planets. A further point
of interest in the new satellite is that it appears to revolve
around Jupiter in a retrograde direction, in opposition to all
the other members of the family. In this point it resembles
Phabe, the outermost member of Saturn’s family; Professor
PickERING suggests that the primitive rotation of the planet
was retrograde, and that it was subsequently reversed by the
action of solar tides; these distant satellites are supposed to
have been born before the reversal, so that they are a relic of
the primitive order. The new satellite is of the sixteenth mag-
nitude, implying a real diameter of about thirty-five miles.
Even as seen from the surface of Jupiter it would only be of
the eighth magnitude, and so would be utterly invisible to the
naked eye.

COMETS.

DANIEL'S comet was a very conspicuous object in the morn-
ing sky last August, probably brighter than any seen in these
latitudes since 1882, and the photographs taken of it show a
great amount of interesting detail. The tail was fan-shaped,
and composed of a number of nearly straight jets diverging
from the nucleus. This type has been exhibited by many
recent comets. According to Professor BREDICHIN’s theory,
the different jets have different specific gravities, and so are
expelled from the nucleus with different velocities. Several
plates were exposed last winter in the search for HALLEY's
comet, but without success. It is rather unfortunate that the
region of search was in the Milky Way, between Gemsni and
Monoceros, and consequently the background is extremely
richly strewn with faint stars, which makes the task of picking
up an exceedingly faint object like the comet much more dif-
ficult. Next autumn the search will be resumed, with more
prospect of success, as the comet will then be only slightly
outside the orbit of Jupiter, and many comets have been fol-
lowed to a greater distance than that. A large amount of
computational work on this comet has been carried out by
Messrs. CoweLL and CROMMELIN. It consists of two parts—
(1) to ascertain as accurately as possible the circumstances of
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the next return; (2) to carry back the perturbations as far as
possible in order to test the accuracy of Dr. HIND’s identifica-
tions in a paper he presented to the Royal Astronomical So-
ciety some fifty years ago. They find that the probable date

of the next return is 1910, April 8, which is six weeks earlier

than that given by be PoNTEcOULANT. Unfortunately, the new

.date means a less fine display in these latitudes, for, though
the comet will make a near approach to the earth on 19i10,
May 10, it will then be some 20° south of the Sun, and so
will set very soon after him. The conditions in the Southern
Hemisphere will be much more favorable. The other research
has been carried back to the year A. D. 760, and on the whole
Dr. HIND’s results are confirmed, though he is shown to be
ten months too late in 1223, four months too early in 912, one
and one-half months too late in 837. The most interesting
appearance on the list is the famous comet which preceded
the Norman conquest in 1066 ; contemporary accounts and the
Bayeux tapestry give a vivid idea of its splendor, and of the
lively apprehension it excited in England. Hinp was the first
to suggest that this was a return of HALLEY’S comet, and his
suggestion has now been confirmed beyond doubt. The cor-
rections found” for HiND’s dates in all cases bring them nearer
to the curve published by Dr. ANGsTROM in 1862, a fact which
renders the total failure of this curve for the next return very
surprising. (The date for the curve is 1913 instead of 1910.)

... —The London Times.
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MINUTES OF THE MEETING OF THE BoARD oF DIRECTORS HELD
AT THE STUDENTS’ OBSERVATORY, BERKELEY,
CaL., oN JuLy 10, 1908, AT 7:30 P. M.

A quorum was present. In the absence of the President, Director
AITKEN was elected temporary chairman.

The following were elected to membership :—

Mr. James A. HENNESY, 2718 12th St. N. E,, Washington, D. C.
Professor A. G. McAbig, U. S. Weather Bureau, San Francisco, Cal.

The following was elected to institutional membership :—

The Daniel Scholl Observatory, Franklin and Marshall College,
Lancaster, Pa.

The Secretary reported that he had sent the comet medals for
the last seven awards and had received the acknowledgments of the
receipt of two of them from Messrs. METCALFE and DANIEL.

The Library Committee was authorized to purchase one copy of
“A Handbook of Learned Societies of North and South America”
from the Carnegie Institution of Washington.

It was moved, seconded, and carried that the Publication Committee
be allowed the sum of $450 for the printing of the remaining numbers
of the Publications for the current year. This amount seemed justi-
fiable in view of the report from the Treasurer on our finances at the
present time. This report, dated July 7th, was received and placed
on file.

The minutes of the meetings of the Board of Directors of March
28, 1908, held at 5:30 P. M. and at 10:00 P. M., respectively, were ap-
proved as printed in Publications, No. 119.

Adjourned.

MINUTES OF THE MEETING OF THE ASTRONOMICAL SOCIETY OF
THE Pacrric, HELp 1N Hearst HALL oF THE UNI-
VERSITY OF CALIFORNIA, BERKELEY, CAL.,

JuLy 10, 1908, AT 8:00 P. M.

In the absence of the President, Professor C. H. RiEBer, Dean of
the Summer Session of the University, called the meeting to order
and introduced the speaker of the evening, Dr. R. G. AITKEN, of the
Lick Observatory, who delivered a very interesting lecture upon the
subject, “The Story of a Star.” The lecture was illustrated by stere-
opticon views,

Adjourned.
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A REMARKABLE STAR-STREAM IN TAURUS.

By W. W. CaMPBELL,

It is well known that many rather widely separated stars
possess proper motions,—i. e., motions at right angles to the
lines joining the stars and observer,—of essentially the same
magnitude and direction; as, for examples, certain stars in
the “Big Dipper,” and the majority of the stars in the Pleiades
cluster.

In a recent issue of the Astronomical Journal, Professor
Boss, of Albany, announced and discussed a most remarkable
case of this nature, embracing about forty stars of magnitudes
315 to 7, in the constellation Taurus. Certain of the stars
near the center of the group engaged Professor Boss's atten-
tion as long as twenty-five years ago, in that their proper
motions were seen to be nearly identical. The recent comple-
tion of his “Preliminary General Catalogue” of the positions
and proper motions of the brighter stars enabled him to recog-
nize thirty-nine, and possibly forty-one, stars whose directions
of motion converge to a common but distant point, and whose
speeds are such that they will apparently arrive in the vicinity
of the converging point simultaneously.

The accompanying illustration expresses the main facts more
forcibly than words can do. The present positions of the stars
are given by the round dots, and their speeds and directions
of motion are indicated by the arrows drawn from the dots.
It will be seen that these stars form a widely extended cluster,
about 15° in diameter,! with marked central condensation;

* The right ascensions, extending from 3h 44m to 6h 3m, are given along e bot-
tom of the chart, and the declinations, +§° to + 23°, along the right edge.
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that they are all (with two possible exceptions) aiming ap-
proximately for the point of convergence at the left edge of
the charted region; that those furthest to the right have in
general the largest proper motions; and that with the progress
of time the cluster will become more and more condensed.

It should not be concluded that the component stars of the
scattered cluster are really approaching each other, as their
motion toward the converging point seems to suggest. Pro-
fessor Boss's discussion leaves essentially no doubt that the
stars are moving along parallel lines; and as these lines extend
further and further into space, they appear to unite at the
converging point. The lengths of the arrows represent the
motions that will occur in the next fifty thousand years. By
virtue of the increasing distances of the stars from us, their
apparent motions will decrease with time, so a period of sixty-
five million years, more or less, will be consumed in traveling
to the vicinity of the vanishing point (never actually reaching
it), at which time this group would “appear as a globular
cluster about 20’ in diameter, and constituted largely of stars
of magnitudes 9 to 12, with a well-marked central condensa-
tion.” The direction of motion is necessarily one of recession
from the observer, for the stars are approaching the vanishing
point. The direction of motion in space is inclined 27°.5 to
the line drawn from the observer through the center of the
cluster.

Professor Doss notes that the stars in the cluster, moving
with equal speeds in parallel lines, should have nearly equal
speeds in the lines of the observer's sight: a certain average
speed for the stars ncarest the center of the cluster: related
higher specds for those nearer the radiant: related lower
speeds for those further from the radiant; and, if the speed
of any one star in the group be observed by means of the
spectrograph, the corresponding speeds and parallaxes of all
the stars in the cluster may be computed. The spectrographic
velocities of three stars in the group have been measured and
published by Professor KUsTNER:—

yTauri........ + 39.6"™ per second.
S Tauri........ + 40.8 o
eTauri........ + 39.4 oo
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From these Professor Boss has computed the speed of the
entire group of stars to be 45.6™ per second toward the van-
ishing point; and the average parallax of the group to be
0”.025.

Inasmuch as the extreme outer stars of the group are sepa-
rated by 15°, their minimum distance apart must be greater
than one fourth (15/57.6) the distance separating us from
the group,—that is, the most widely separated stars in the
group must have a mutual parallax less than four times 0”.025,
or 0”.1. Professor Boss reminds us that more than. thirty
stars of those nearest to our Sun have parallaxes exceeding
0”.1. The vast space through which these thirty stars are
extended has a diameter only twice the minimum diameter of
the space in which the stars in the cluster under discussion are
distributed. It is difficult to account for the origin of such a
widely separated group of stars, traveling with equal speeds
along parallel lines.

It should be noted that some 15*™® of the observed speed of
recession of the cluster is due to the recession of the solar
system away from the cluster.

About seventy-five other stars in the same region, brighter
than the seventh magnitude, do not have the distinctive proper
motions of the cluster, and are consequently not connected
with it.

Nine of the cluster stars have been observed with the Mills
spectrograph of the Lick Observatory, as follows:—

No. of
Star. Obs. Dates. Velocities. Remarks,

Y Taurs 6 1897-1908 + 35.8 to + 400 Probably variable of long

. period.
8§Tauri 6 1809-1907  + 38.0 to + 388
] Poor spectrum; small
« Tauri 2 1904 t1z to +44 weight, perhaps of vari-
able velocity.

68 Tauri 3 1905-1908 +34 to 436
o' Tauri 1 1004 Very poor lines.
eTauri 6 1898-1006 4 40.6 to + 37.8
¢' Tauri 3 1905-1908  +37 to + 38
¢ Tauri 6 1903-1908 417 to+8& Rinary.
3

{ o Measures of 1 line only.
¢ Tauri 1905 1908 +45 to +66 Suspected binary.

Six of these stars have velocities in good agreement with
the requirements of the cluster theory, and the other three
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stars, two of which have spectra with poorly defined lines,
afford no evidence in opposition to this theory.

The spectra of twenty-three other stars in the same region
of the sky have been observed with the Mills spectrograph,
but none of them show speeds in the vicinity of + 38%®, with
the possible exception of two or three having variable
velocities.

THE NORTHERN LIMIT OF THE ZODIACAL
LIGHT:

By E. A. FaTH.

The boundaries of the zodiacal light are hard to determine
because of the faintness of the phenomenon, although the light
along the axis is quite strong and can be seen even in cities
in spite of the electric illumination. From the usual observa-
tions of the boundaries of this light we should expect the
light to extend about 20° to the north and south of the Sun.
That the zodiacal light is of much greater extent is evident
from the observations described below.

In the summer of 1907 Director CaMPBELL, of the Lick
Observatory, called the writer's attention to a faint light,
which for years has been seen in the summer by various
observers at Mount Hamilton, extending along our northern
horizon near midnight, and asked that an attempt be made
to determine its character. Observations were accordingly
begun and continued during the summer of 19o8.

The general appearance of the phenomenon when observed
near midnight, with a clear sky and no Moon, is that of a
flat arch of light with its maximum intensity near the north
point of the horizon. At that time of night in the early part
of July, 1908, the greatest altitude above the northern hori-
zon was I18°. It extended westward about 40° and eastward
to the Milky Way, and was synumetrical with respect to the
meridian. At the extremities it was only a degree or two
above the horizon, depending on the clearness of the air at
such a low altitude. When, however, the observations were

! For a complete account see Lick Qbscreatory Bulletin, No. 142,
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tion would be to bring the intersections too close to the Sun.
The apex of the zodiacal light cone can be seen at various
distances from the Sun ranging from 40° to over 100°. This
agreement between_the observed position of the apex and the
position, of the intersections is as satisfactory as can be
expected from the nature of the objects observed.

The observations were then used in another way. The
northern boundary of the cone of the zodiacal light had been
located with reference to the stars. This boundary was then
located on a celestial globe and extended until it intersected
a great circle passing through the Sun and perpendicular to
the ecliptic. The mean of fourteen observations of this kind
showed that we should expect the zodiacal light to pass 42°
north of the Sun. Observations above the northern horizon
give 46°.

The writer also examined the observations of JoxEs,! and
found that by extending JonEs's boundaries of the zodiacal
light they would in many cases exceed latitudes of 45° both
north and south of the Sun.

From the evidence at hand it seems fair to conclude that
the phenomenon observed is the zodiacal light, and that
therefore its northern boundary, as seen from the Earth, can
be traced 46° north of the Sun, and in consequence the
zodiacal light is much greater in extent than has usually been
supposed.

In conclusion, it should be stated that as early as 1840,
Herrick,? of Yale University, thought he had evidence that
he’ could sometimes see the zodiacal light along the northern
horizon in Connecticut, but he made no observations to test
his theory. In 1905 Professor NEwcome® observed the zodi-
acal light to a distance of 35° north of the Sun; and Professor
BARNARD* says he has at times seen a faint glow in the sum-
mer along the northern horizon at the Yerkes Observatory.
So far as the writer has been able to determine these are the
only other observations of this nature.

Mrt. HaMiLTOoN, November 6, 1908.

1 Observations of the Zodiacal Light, Vol. IIl of the Report on the United
States Japan Expedition, 1856.

2 Silliman’s Journal of Science, 89, 331, 1840.

3 Astrophysical Journal, 22, 209, 1905.
4 Astrophysical Journal, 28, 168, 1906.
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observation even with a telescope. It passes conjunction with
the Sun and becomes a morning star on January 7th. By the
end of February it rises about three hours before sunrise.
Its conjunction with }J"enus on January 3oth has already been
noted. It moves about 3° eastward in the constellation
Sagittarius during the two months.

Neptune is in opposition with the Sun and rises at sunset
on January sth. It is moving slowly westward in the con-
stellation Gemini, and is a few degrees south and west of
Castor and Pollux, the brightest stars of the constellation.

(SIXTY-FIFTH) AWARD OF THE DONOHOE
COMET-MEDAL.

The Comet-Medal of the Astronomical Society of the Pacific
has been awarded to Professor Dr. Max WoLF, Heidelberg,
Germany, for his discovery of an unexpected comet on January
2, 1908. . ‘

Committee on the Comet-Medal:
W. W. CaAMPBELL,
C. D. PERRINE,
S. D. TowNLEY.

San [Fraxcisco, December 7, 1908,

(SIXTY-SIXTH) AWARD OF THE DONOHOE
COMET-MEDAL.

The Comet-Medal of the Astronomical Socicty of the Pacific
has been awarded to Professor D. W. Morenotse, Drake
University, Des Moines, Iowa, for his discovery of an unex-
pected comet on September 1, 19o8.

Committee on the Comet-Medal:
W. W. CaMPBELL,
C. D. PERRINE,
S. D. Tow~LEY.

Sax Fraxcisco, December 7, 1908,
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of observation, in five others (including 8648, of which there
is no other orbit) they are fairly satisfactory, but in the
remaining six (B 524, B 883, OX 235, £Scorpii, B 416, and
85 Pegasi) the residuals in angle average over 23°, and one
of the distance residuals, in B 416, exceeds 0”.4.

November, 1908. R. G. AITKEN.

NoTe oN THE BINARY STAR ¢ SCORPII.

Two orbits for this well-known binary system have recently
been published, one by DoBerck! and one by Lonse.* Both
are based on practically the same dati as my orbit published
in 1905,° and both computers have adopted the assumption
made by me, that the periodic tiime is about 44.5 years instead
of over one hundred years.

The three sets of elements do not differ greatly, but the
motion in the apparent orbit has been so rapid during the past
three years that even slight variations in the elements lead
to decided changes in the residuals derived by comparing the
computed and observed positions.

The following tabulation gives my measures made after
my orbit was published, and the residuals derived by com-
paring them with the three sets of elements:—

Date. 0, Po  Nights. (0 ) A, (0-Cr D, (0-C) L.

1905.50 13°8 0”18 3 — 5°6 40702 —19°1 4+07.03 —14°.8 0"«
1900.33 68 7 0c.23 4 —13.340.02 —25.06-+0.03 —20.0*0
190740 108 .2 0.32 4 — 9.34+0.01 —17.44+0.01 —21 3 —0L
o848 1258 036 2 —10.4—0.00 —15.6 —0.0; —18 .8 —0.

These residuals put the correctness of the short period of
revolution beyond question, and indicate that the other ele-
ments of the orbit are fairly well determined. Iurther com-
putation will not be profitable until the companion star has
passed nearly through the second quadrant.

November, 1008, R. G. AITKEN.

Volstronomiscine Nachrichten, 174, 257, 1907.
2 Pub, d. Astrophysik, Otsere. zu Potsdam, 20, Pt. 1. 124, 1908.
" Lick Obscrvatory Bulletin, No. 107, 1905,
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A NEw BINARY STAR.

The bright star 46 Tauri (R. A. 4" 8™ 10*, Decl. + 7° 28’,
5.3 magnitude) was found to be an unusually close double
star when examined with the 36-inch telescope on November
18, 1908. The mean of two nights' measures is:—

1908.90 315°.4 0”.14, §5.7-0.2 magnitudes.

On the first night the telescope was west of pier, on the sec-
ond night east, and the two angle measures agree within 0°.3,
the distance measure on each night being 0”.14. As the star
is assigned the proper motion of — 0%.0020 and + 0”.023 in
R. A. and Decl. respectively, or 0”.038 in the direction 307°.7,
it is obvious that this is a physical system; otherwise it would
have been discovered long ago.

Another pair, equally close but fainter, discovered on the
same night, is A. G. Berlin B 455 (R. A. 1* 24™ 13°, Decl.
+ 22° 19/, magnitude 6.5). The chances are hundreds to one
that it also is a binary system, though the star catalogues do not
assign it any proper motion. Measures on two nights give :—

1908.90 126°.2 0”.14, 6.7-7.2 magnitudes.

The two angle measures, made on opposite sides of the
meridian, agree within 0°.9, and the distances within o”.o1.

November, 1908. R. G. AITKEN.

THE CARNEGIE INSTITUTION OBSERVING STATION IN THE
SouTHERN HEMISPHERE.

% Director LEwis Boss, of the Dudley Observatory, Albany,
and Astronomer TUCKER, of the Lick Observatory, sailed from
New York last August to Argentina to establish the observing
station referred to in the title. The instrumental equipment
is to consist chiefly of the Dudley Observatory meridian circle,
and the purpose is to observe the accurate positions of all
bright stars down to the seventh magnitude, in order to sup-
plement Professor Boss's exactly similar work at Albany, thus
making his programme cover the entire sky. The observations
to be secured will be utilized in combination and comparison
with all similar observations of the same stars made in earlier
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years, to determine the positions and the proper motions of
the stars. This plan, embracing every star in the entire sky
down to the seventh magnitude, is one of the most extensive
and ambitious recorded in the history of astronomy ; and there
is full confidence that the results will be correspondingly
valuable.

The site for the observing station was fixed at a point about
a kilometer from the center of the city of San Luis, in the
west-central part of Argentina. Professor Boss has written
that the government officials and the people have been most
sympathetic with his aims. The site was provided by the
National Government on national property, and in many other
ways definite assistance was afforded. Building operations
were well under way within two weeks after the astron-
omers landed in Buenos Aires. Professor Tucker will be
astronomer in charge of the observing station during the
three years of work planned for. He will have a large corps
of assistants in order that the instrument may be kept busy
and the calculations be made promptly.

Albany newspapers report that the ship on which Professor
Boss took homeward passage was wrecked shortly after leav-
ing Duenos Aires, and if the reports are trustworthy there
must have been cause for great anxiety for a day or two.

W. W. CAMPRELL.

Prorocrariiic DEFINITION FROM LIGHT oF DIFFERENT
WavE-LENGTHS.

The large size of the photographic images of stars obtained °
with telescopes of sixty to seventy feet focal length, has led
the writer to look for means of reducing them.

Without going into the matter of “seeing™ deeply, it may
be said that, in all probability, the character of the images
depends almost wholly upon atmospheric refraction.  Assum-
ing this to be the case, star images, for example, formed by
vellow light should be much less affected by disturbances of
the atmosphere, and consequently be smaller than images
formed by light of the short wave-lengths (blue and violet),
which atfect the ordinary photographic plate most.
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Photographs taken with the new 70-foot combination of the
Crossley reflector, in the ordinary blue and violet light, and
also on orthochromatic plates, using a greenish-yellow color
screen, show that the star images which have been formed by
yellow light are much smaller than those formed by the’
ordinary blue and violet light. Similarly, photographs of the
Moon and planets are sharper in yellow than in blue light.

Extension of this reasoning points to the deep red part of
the spectrum as being favorable for the production of still
smaller images and better definition. In photographic work
on bright objects, such as the Sun, Moon, and the brighter
stars and planets, the use of light of great wave-length is
entirely practicable.

A consideration of wisual definition seems to point to-an
analogous effect there, although to a less degree, owing to
the greater wave-lengths to which the eye is most sensitive.

A detailed account of the experiments already concluded, as
well as some still in progress, will be published shortly in a
Lick Obsercatory Bulletin. C. D. PERRINE.

Mrt. HamiLtoN, CAL.,, December 5. 1908.

EicHTEEN STARS WHOSE RaDIAL VELOCITIES VARY.

In the progress of the work with the three-prism Mills
spectrograph at Mt. Hamilton, and of the D. O. Mills Expedi-
tion to the southern hemisphere, eighteen stars have recently
been found to have radial velocities which vary, on account of
the gravitational influence of an invisible but massive com-
panion in each system, except that in case of one star,
70 Ophiuchi, a well-known visual double star, the companion
is visible. A list of these stars, with data concerning their
positions, number of observations, total range of observed
velocities, and discoverers of the variations, is given below.
Only in the case of 70 Ophiuchi is the revolution period
known,—in that case eighty-eight years. Detailed data con-
cerning the observations are contained in a Lick Observatory
Bulletin now in press.
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No. of
Observed in.  Obs.

Star. R. A. Dec. Type. Velocity. Discoverer
yPersei  2h57m6 +53° 7 G 1897t0o1908 11 — 2to+ 7% Moore.
& Tauri 3218 +923 A 193to1go8 5 —62to+ 36  Camrsern
0: Tauri 4229 415 39 A 193t01go8 6 +17t0o+74  Moore
lEridani 4 33 6 —14 30 1 1900t0 1908 6 + 3310+ 43  Moore
{Aurige 4 55 .5 +40 56 K 188to19o8 7 = oto+25 Wikt
pOrionis 5 8.1 + 245 1 1902t01908 6 4 33t0-+4 50  Moore.
¢Can.Maj.6 16 .5 —30 2 B 1906t01907 12 -+ 11to+ 38  Paovock.
BCan.Maj.6 18 .3 —17 54 B  1904t0 1908 + 27to+ 41 Aresecar.
yPuppis 6 34 7 —43 6 B  1904to1908 8 +20t0+35 Wricnr.
s Puppis 6 47 4 —s50 30 K 1g03t01907 6 -+ 30.4 440  Cuamns.
oVelorum 8 37 .4 —352 34 B 1904to1008 11 4 10t0+427 Curgns.
dCarine 8 38 .5 —s59 24 B 1907 6 +38to47
qglelorumio 10 .6 —41 37 A 1904101907 4 — 2t0-+25  Pappock.
v Draconis17 30 .3 +55 14 A 1902 to 1908 —23t0— 4  AvremrcHT.
70 Ophiuchi18 o 4 + 2 32 K 1897to1908 8 —1I10to— 7
111 Herculis18 42 6 418 4 A 1902to1go8 6 —26t0—64  Wricnr.
¢Cygni 190 35 .5 +20 56 I  1907t01908 4' { i g:z::g } oLomE
vOctantis 21 30 4 —77 50 K 1904t01907 "8 +27t0+36  Wicur.

1 Two components visible,

December 7, 1908.

APPOINTMENTS.

W. W. CaAMPBELL.

Mr. E. A. FFatn, Fellow in the Lick Observatory, has been
appointed Assistant in the Solar Observatory of the Carnegie
Institution, dating from July 1, 1904.

W. W. CanpBELL.

Director W. W. CaspriLL, of the Lick Observatory, has

been invited to give the Silliman Lectures in Yale University
for the academic year 1909-1910. The course will consist of
ten lectures, dealing with the results of Professor CAMPBELL's
work in measuring the radial velocities of stars by means of
the spectroscope and the solution of several fundamental prob-
lems of astronomy as based upon these motions. The lectures
will probably be given in the fall of 1909. J. H. MooRE.
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The threc values are:.—

SCHLESINGER ...... + 0”.248 =+ 0”.009
BARNARD .......... + 0 .249 =+ o0 .010
RusseLL ........... +o0 .258 +o0 .013

The excellent agreement of these independent determinations
is the best possible evidence of their accuracy. We may there-
fore assert with confidence that Krueger 60 is our close celes-
tial neighbor, light requiring only a little over thirteen years
for its journey across the intervening space.

For the proper motion, BARNARD gives the value 0”.968 in
246°.49. He adds an interesting discussion of the irregularity
of the proper motion of the star A, due probably to its orbital
motion about the center of gravity of the pair 4 B, also, all
his micrometer measures to date, including those of some more
distant stars. The angular motion of the close pair in the
eighteen years since its discovery has amounted to 74°. The
apparent distance seems to have reached its maximum value
about the year 1904, and is now diminishing. It may therefore
be possible to form some estimate of the periodic time before

many years. R. G. A.

Tempel,-Sweift Comet.—On September 29th, M. JAvELLE, at
Nice, rediscovered the Tempel,-Swift comet. Its observed
position differed over 15™ in Right Ascension and nearly 1°.5
in Declination from the computed position according to Mau-
BAUT'S ephemeris. Perihelion passage occurred on September
3oth. This comet was discovered by TEMPEL in 1869, and
when rediscovered by Swirr in 1880 was found to move in an
ellipse with a period of five and one-half years. The comet
was not found at its return in 1874, nor at any of the returns
since 1880, cxcept in 1891, when it was rediscovered by
BARNARD.

Notes from “Science.”—Dr. S. TscHERNY, of Kiev, has been
appointed director of the university observatory in Warsaw.
The Astronomical and Astrophysical Society of America
will hold its next meeting in the summer of 1909, probably at
the Yerkes Observatory. The exact date has not yet been
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fixed, but it is expected to precede by a few days the Winne-
peg meeting of the British Association for the Advancement of
Science, which will open on August 25, 1909.

Mr. ANpREW GRAHAM, from 1864 to 1903 first assistant at
the Cambridge Observatory, known especially for his work on
the Cambridge star catalogue published in 1897, died recently
at the age of ninety-three years.

We regret also to record the deaths of Dr. Joux M. THOME,
director of the Cordova Observatory since the retirement of
Dr. GouLp; and of Mr. ArRcHIBALD J. LiTTLE, who did valuable
geographical work in the interior of Asia.

In the November Astrophysical Journal, Messrs. A. FOWLER
and A. EAGLE, of the Imperial College of Science and Tech-
nology of London, show that a spectrum of linear dispersion
on any reasonable scale can be obtained photographically from
a prismatic spectrum plate by setting the two plates at proper
distances from the lens and tilting them at definite angles.
Formula are given. An example shows the remarkable accu-
racy obtained with ordinary apparatus. J.D. M.

Cecil Goodrich Dolmage—The following clipping from the
London Times announces the death of Dr. C. G. DoLMAGE, a
member of the Astronomical Society of the Pacific since

1899 :—

“The death of Dr. CeciL G. DoLMAGE, author of “Astronomy of To-
day,” a work which has been widely praised, has come as a sad blow to
his numerous friends in Dublin and in London, where he had resided
for some years past. He took high honors at Trinity College, Dublin,
in modern history in 1893, and, devoting himself to intellectual pursuits,
accomplished for astronomy, his favorite study, much useful work by
his wide knowledge and facile pen. Some eighteen months ago, when
on a trip to Italy, he fell dangerously ill; and, though hopes of recovery
were entertained, he fell into a steady decline. He was a Fellow of the
Royal Astronomical Society and many other learned societies at home
and abroad. A man of a singularly truthful and upright nature, of
modest manner, and of noble mind, his death will be mourned by many
men of varied types whom his ability and personality attracted to him.”
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MINUTES OF A SPECIAL MEETING OF THE BoaRD OF DIRECTORS
OF THE ASTRONOMICAL SocleETry oF THE Pacrric, HELD
IN Room 601 MEeERCHANTS EXCHANGE BUILDING,
San Fraxcisco, Moxpay, OCTOBER 12, 1908.

The meeting was called to order at 4:30 p.M. by President BURrck-
HALTER. The following directors were present: AITKEN, BURCKHALTER,
CamrieLL, Crawrorp, CUsHING, GaLLowAY, MoRse, RICHARDSON,
TowNLEY.

Moved and seconded that the action of the President and Secretary
in sending requests for nominations for the award of the Bruce Medal
for 1909 be approved. Carried.

The following were elected to membership:—

Mr. G. T. WEBSTER........ Box 782, Globe, Arizona.

Mr. EbwiN G. BENKMAN. .2267 Turk Street, San Francisco.

Mr. EpwiN 1. BARNES..... R. F. D. No. 1, Chanute, Kansas.

Mr. JoHN A. LANGSTROTH . Perry Street and Grand Avenue, Oakland.

Moved and seconded that the matter of revising the By-Laws pre-
paratory to their re-publication be referred to the Committee on
Publication, to report at the next meeting. Carried.

Mr. CusHING made an oral report on the proposition of moving the
library to San Francisco. No action was taken.

The resignation of Mr. GaLLoway from the position of Treasurer
was presented. Upon motion, duly seconded, the resignation was ac-
cepted, to take effect upon the qualification of his successor.

Moved and scconded that the Secretary cast the ballot for the clec-
tion of Mr. RicArRDsON to the position of Treasurer. Carried. The
ballot was cast and Mr. RicHArDsON declared elected.

Moved and seconded that, beginning with the month of October, the
salary of the Treasurer be fixed at $10 per month, and that the salary
of the Secretary be fixed at $10 per month. Carried.

Moved and seconded that the President and Chairman of the Finance
Committee be authorized to compromise with the Rhine-Moselle Fire
Insurance Company at the best terms obtainable, Carried.

Adjourned.

MiNuTES OF THE MEETING OF THE BoARD OF DIRECTORS, HELD
IN RooM 6ot MerciiaNts EXCHANGE BUILDING,
Sax Fraxcisco, CaL., NOVEMBER 28, 1908,

AT 2 O'CLOCK P.M.

President BurRckHALTER presided. The following directors were
present: BURCKHALTER, CRawFokrD, CUsHING, GaLLoway, Morsg, RicH-
ARDSON, TOWNLEY.

Moved and seconded that the President appoint a permanent medal
committee of two; this committee to have charge of all matters con-
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cerning the procuring of medals. Carried. The President appointed
the following committee: F. R. ZieL (chairman), R. T. CrAwFoRD.

The Secretary reported the receipt of an appreciative letter from Mr.
JouN Gricc acknowledging the receipt of the comet medal that had
been awarded to him.

Moved and seconded that the Treasurer be authorized to secure a safe
deposit box at the Crocker National Bank; the rental to be $4.00 per
annum. Carried.

Moved and seconded that, according to the By-Laws, the Treasurer
give a bond in the sum of $500, furnished by two individual sureties,
or one security company; the bond to be approved by the President.
Carried.

Chairman CusHING, of the Committee on Location, made a verbal
report.

Moved and seconded that the January meeting of the Society be held
at the Chabot Observatory. Carried.

By ballot, the eighth award of the Bruce Medal, for the year 1909,
was made. The name of the recipient is not to be made public until
after January 1, 1909.

Adjourned.

MINUTES OF THE MEETING OF THE ASTRONOMICAL SOCIETY
oF THE PAcIric, HELD AT THE STUDENTS' OBSERVA-
TORY, BERKELEY, CAL., NOVEMBER 28, 1908,

AT 8 O’CLOCK P.M.

The meeting was called to order by President BURCKHALTER.

Moved and seconded that the minutes of the last meeting, as pub-
lished in the Publications, be approved. Carried.

There being no further business, the President introduced Dr. JosepH
H. Moorg, of the Lick Observatory, who delivered a lecture upon
“Variable Stars.” At the conclusion of this lecture Dr. SipNeYy D.
TowNLEY, of Stanford University, was introduced and gave a lecture
on “Variation of Latitude.” Both lectures were illustrated with
stereopticon views.

Adjourned.
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